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GEOHYDROLOGIC DATA FROM THE - PICEANCE CREEK BASIN 
BETWEEN 

THE'WHITE AND COLORADO RIVERS, NORTHWESTERN COLORADO 

BY 

D.  L . ' C o f f i n ,  F .  A .  Welder ,  R .  K.  Glanzman, 
a.nd 

X. W .  Dutton 

INTRODUCTION 

A s t u d y  of t h e  w a t e r  r e s o u r c e s  i n  t h e  P iceance  Creek b a s i n  was begun 
i n  1964 by t h e  U . S .  Geo log ica l  Survey  i n  c o o p e r a t i o n  w i t h  t h e  Co lo rado '  
Water Conserva t ion  Board. I n t e r e s t  i n  e x p l o i t i n g  t h e  e x t e n s i v e  o i l - s h a l e  
depos i t s  i n  t h e  a r e a  prompted t h e  s t u d y .  The o b j e c t i v e s  of t h i s  i n v e s t i -  
ga t ion  were t o  d e s c r i b e  t h e  w a t e r  r e s o u r c e s  of  t he  b a s i n  showing t h e  
a v a i l a b i l i t y ,  o c c u r r e n c e ,  and chemica l  p r o p e r t i e s  of ground w a t e r  and 
sur face  w a t e r .  Th i s  d e s c r i p t i o n  w i l l  be t h e  b a s i s  f o r  d e v e l o p i n g  w a t e r  
suppl ies  and f o r  cop ing  w i t h  w a t e r  problems a s s o c i a t e d  w i t h  t h e  e x p l o i t a t i o n '  
of t he  o i l  r e s o u r c e s .  T h i s  r e p o r t  p r e s e n t s  t h e  b a s i c  d a t a  c o l l e c t e d  and 
d iscusses  t h e  r e s u l t s  of pumping t e s t s  made d u r i n g  t h e  s t u d y .  A subsequen t  
r e p o r t  w i l l  d e s c r i b e  t h e  w a t e r  r e s o u r c e s .  A d d i t i o n a l  d a t a  o b t a i n e d  from 
hydrologic  t e s t s  conducted i n  USBM/AEC Colorado  Core  Holes No. 1 and No. 2 
have been r e p o r t e d  by  C a r r o l l ,  C o f f i n ,  Ege, and Welder (1967) ; E?e, C a r r o l l ,  
and Welder (1967) ; and S t e a d ,  Ege , and Welder (1967).  

The P iceance  Creek  b a s i n ,  a  s t r u c ~ r a l  downwarp i n  n o r t h w e s t e r n  
Colorado, c o n t a i n s  l a r g e  accumula t ions  of o i l  s h a l e .  I t s  a x i s  e x t e n d s  
northwestward from abou t  20 m i l e s  nor thwes t  of Gunnison t o  t h e  v i c i n i t y  of  
Rangely. .This r e p o r t  p e r t a i n s  t o  t h a t  p a r t  o f  t h e  b a s i n  between t h e  
Colorado a.nd White R i v e r s  ( s ee  f i g .  1 and d iagram on back  c o v e r ) ,  a n  a r e a  
of about 1 ,600  s q u a r e  m i l e s  i n  pa . r t s  of R i o  Blanco ,  G a r f i e l d ,  and Mesa 
Counties.  

Data c o l l e c t i o n  p o i n t s  and s e c t i o n s  a r e  shown on p l a t e s  1 and 2 .  A .  
diagrammatic s e c t i o n  a c r o s s  t h e  Picea.nce Creek b a s i n  is  shown. on f i g u r e  2. 
The water -bear ing  c h a r a c t e r i s t i c s  of t he  g e o l o g i c  fo rma t ions  and t h e  l o g s  
of. t e s t  h o l e s  d r i l l e d  i n  t h e ' a l l u v i u m  a r e  p r e s e n t e d  i n  t a b l e s  1 and 2 .  

WELL-NUMBERING SYSTEM 

The w e l l  and t e s t - h o l e  numbering sys tem ' i s  based on t h e  U.S . Bureau 
of Land Ma.nagement sys tem of l a n d  s u b d i v i s i o n .  The number shows t h e  
loca t ion  of  t h e  w e l l  or  tes t  h o l e  by quadrant ' ,  township,  r a n g e ,  s e c t i o n ,  
.and pos i t i .on  w i t h i n  t h e  s e c t i o n .  Th i s  method of w e l l  l o c a t i o n  i s  shown on 
f i g u r e  3 .  The c a p i t a l  l e t t e r  a t  t h e  b e g i n n i n g ' o f  t h e  l o c a t i o n  number 
i nd ica t e s  t he  quadran t  i n  which t h e  'wel l  i s  l o c a t e d .  Four q u a d r a n t s  a r e  



F i g u r e  1. --Index m a p  showing r e p o r t  ar.ea. 



Table 1.- -Summary of  the  water-bearing c h a r a c t e r i s t i c s  of the  geologic  formations 
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Phys ica l  c h a r a c t e r  

Sand, g r a v e l ,  and c l a y  p a r t l y  f i l l  
major v a l l e y s  a s  much a s  
140 f e e t :  g e n e r a l l y  l e s s  than 
one-half mi le  wide. Beds of 
c l a y  may be a s  t h i c k  a s  70 f e e t :  
g e n e r a l l y  t h i c k e s t  near  t h e  
c e n t e r  of va l leys .  Sand and 
g r a v e l  conta in  s t r i n g e r s  of c l a y  
near mouths of smal l  t r i b u t a r i e s  
t o  major streams. 

In te r tonguing  and g r a d a t i o n a l  
beds of sandstone,  s i l t s t o n e ,  
and marlstone:  conta ins  pyro- 
c l a s t i c  rocks and a few con- 
glomerate lenses .  Forms 
s u r f a c e  rock over most of the  . 
area :  t h i n s  apprec iab ly  
westward. 

Kerogenaceous do lomi t ic  marlstone 
( o i l  s h a l e )  and sha le :  c o n t a i n s  
t h i n  p y r o c l a s t i c  beds;  f r a c -  
tu red  t o  depths  of a t  l e a s t  
1,800 f e e t .  Abundant s a l i n e  
minerals i n  deeper p a r t  of t h e  
bas in .  

Papery and f l a k y  marlstone and 
sha le :  conta ins  some beds of 
o i l  s h a l e  and, l o c a l l y ,  t h i n  
beds of sandstone.  

Sandstone,  s h a l e ,  and l imestonc;  
conta ins  oo l iLcs  and o r l r a c o d s .  
Throughout most of thc a rea  
t h e  member i s  deeply bur ied .  

Sands tone  forms prominent 
c l i f f s  a long  the  bas in  margin 
on t h e  south and v e s t :  t h i n s  
toward the  deeper p a r t  of  the  
bas in  where the  member seems 
t o  grade i n t o  a f i n e r  g ra ined  
f a c i e s .  

Shale.  sandstone,  and marlstone 
grade wi th in  a s h o r t  d i s t a n c e  . 
westward i n t o  the  Douglas 
Creek, Garden Gulch, and lower 
p a r t  of t h e  Parachute- Creek 
Members. Beds of sandstone 
a r e  f i n e  gra ined .  

c l a y ,  s h a l e ,  l e n t i c u l a r  sand- 
stone:  l o c a l l y ,  beds of con- 
glomerate and limestone' 
Beds of c l a y  and s h a l e  a r e  
t h e  main c o n s t i t u e n t s  of t h e  
formation.  Contains gypsum. 

Thickness , 
' ( f e e t )  
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300-5,000 

water. q u a l i t y  

Near the  headwaters of the  major 
streams, d i sso lved-so l ids  
concent ra t ions  range from 250 
t o  700 ppm. The water i s  
g e n e r a l l y  a calcium magnesium 
bicarbonate  type.  In most of 
the  a r e a ,  d i sso lved  s o l i d s  
range from 700 t o  a s  much a s  
25,000 ppm. Above 3,000 ppm 
t h e  water i s  g e n e r a l l y  a sodium 
bicarbonate  type.  

Water ranges from 250 t o  1,800 
ppm disso lved  s o l i d s .  I t  i s  
a mixed type water with no 
dominant c a t i o n  o r  anion.  

Water ranges i n  d i sso lved-so l ids  
conten t  from 250 t o  about 
63,000 ppm. Below 500 ppm, 
calcium i s  dominant c a t i o n :  
above 500 ppm, sodium i s  
g e n e r a l l y  dominant. Bicar-  
bonate i s  g e n e r a l l y  t h e  
dominant anion regard less  of 
conccntro tion: F luor ide  
ranycs Croln 0.0 t o  54 ppm. 

One water a n a l y s i s  i n d i c a t e s  
d i s s o l v e d - s o l i d s  concent ra t ion  
o f  12.000 ppm. 

The few ana lyses  a v a i l a b l e  
i n d i c a t v  Chat d i sso lvcd-so l ids  
conten t  ranges from 3,000 t o  
12,000 ppm. The type is 
e i t h e r  sodium bicarbonate  o r  
sodium c h l o r i d e .  

Water i s  g e n e r a l l y  of a magne- 
sium s u l f a t e  type  and may . 
range i n  d i sso lved-so l ids  
conten t  from about 1,200 t o  
1,800 ppm. 

Gypsum c o n t r i b u t e s  s u l f a t e  t o  
bo th  surface-water and 
ground-water s u p p l i e s .  

Geologic u n i t  

Alluvium 
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Hydrologic c h a r a c t e r  

Water i s  under a r t e s i a n  p r e s s u r e  
where sand and g r a v e l  a r e  over- 
l a i n  by beds of c lay .  Well 
y i e l d s  w i l l  decrease  wi th  time 
because v a l l e y s  a r e  narrow and 
t h e  v a l l e y  w a l l s  a c t  a s  
r e l a t i v e l y  impermeable bound- 
a r i e s .  Ca lcu la ted  c o e f f i c i e n t s  
of t r a n s m i s s i b i l i t y  range from 
20,000 t o  150,000 gpd per  f t .  
The c o e f f i c i e n t  of s t o r a g e  
averages 0.20. 

Beds of sandstone a r e  predomi- 
n a n t l y  f i n e  gra ined  and a r e  
poor ly  permeable. Water 
moves p r i m a r i l y  through 
f r a c t u r e s .  The p a r t  of  t h e  
member h igher  than y a l l e y  
f l o o r s  i s  mostly dra ined .  

O i l  s h a l e  i s  r e l a t i v e l y  
impermeable. Water moves 
through t h e  f r a c t u r e s .  
Ca lcu la ted  c o e f f i c i e n t s  of 
t r a n s m i s s i b i l i t y  range from 
1,000 t o  2,000 gpd per  f t :  
s t o r a g e  c o e f f i c i e n t  i s  about 
0.00001. 

Rela t ive ly  impermeable and 
probably conta ins  few 
f r a c t u r e s .  

Re la t ive ly  low permeabi l i ty  
and probably l i t t l c  
f r a c t u r e d .  . 

Beds o f  sandstone a r e  poorly 
permeable. 

Beds of c l a y  and s h a l e  
a r e  r e l a t i v e l y  impermeable. 
Beds of sandstone a r e  
poorly permeable. 

Evacuation Creek 
Member 

parachute c reek  
Member 

Garden Gulch 
Member 

Douglas Creek 
Member 

Anvil P o i n t s  
Member 

Water supply 

Reported y i e l d s  
a s  much a s  
1,500 gpm. 

- 

Reported t o  y i e l d  
a s  much a s  
100 gpm. Member 
has  n o t  been 
thoroughly 
t e s t e d ,  and 
l a r g e r  y i e l d s  
may be  p o s s i b l e  

Estimated poten- 
t i a l  y i e l d s  a s  
much a s  
500 gpm. 

Not known t o  
y i e l d  water t o  
wel l s .  

Maximum y i e l d  i s  
unknown, bu t  

- probably l e s s  
than  50 ypm. 

A few wel l s  tap- 
ing  beds o f  
sandstone 
y i e l d  l e s s  
than 10 gpm: 
maximum poten- 
t i a l  y i e l d  i s  
unknown. 
Springs ing  l e s s  y ie ld-  than 

100 gpm i s s u e  
from f r a c t u r e s .  

Not known t o  
y i e l d  water t o  
wells .  Wasatch Formation 
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3000' VERTICAL EXAGGERATION x 2 0  1 3000' 
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DATUM IS MEAN SEA L E V E L  
I 

I EXPLANATION 

Sand and gravel and, , , Sandstone and, Marlstonei contains shale Marlstone; contains shale and High resistivity zone 
or, conglomerate or, siltstone . and little or no kerogen kerogen,. and saline minerals in 

structurally lowest part of basin . 
1 

Figure 2. --Diagrammatic section ac ross  the Piceance Creek basin showing relations 
of members of Green River Formation. 

I 



Figure 3. --System of numbering wells and tes t  holes in  Colorado. 



formed by t h e  i n t e r s e c t i o n  of t h e  base l i n e  and the p r i n c i p a l  meridian-- ' 

A i n d i c a t e s  the nor theas t  quadrant,  B the  northwest,  C t he  southwest, and 
D t h e  southeas t .  A l l  'wel ls  and t e s t  ho les  i n  t h i s  r e p o r t  a r e  loca ted  in  
e i t h e r  t he  northwest (B) or  southwest (C) quadrant.  The f i r s t  numeral.  . 

i n d i c a t e s  t h e  township, the  second t h e  range,  and t h e  t h i r d  the. s ec t ion  
i n  which t h e  w e l l  i s  located.  ~ G e r c a s e  l e t t e r s  following the s e c t i o n  
number l o c a t e  t h e  w e l l  wi th in  the  s ec t ion .  The f i r s t  l e t t e r  denotes the 
.quar ter  , s ec t ion ,  the  second the  quar te r -quar te r  s ec t ion ,  and t h e  t h i r d  t he  
quar te r -quar te r -quar te r  sec t ion .  The l e t t e r s  a r e  ass igned wi th in  t h e  
s e c t i o n  i n  a  counterclockwise d i r e c t i o n ,  beginning wi th  "a" i n  t h e  north-  
e a s t  qua r t e r  of t he  s ec t ion .  L e t t e r s  a r e  ass igned w i t h i n  eacli qua r t e r  
s e c t i o n  and wi th in  each quar ter-quar ter  s e c t i o n  i n  t h e  same manner. Where , 
t w o  or more loca t ions  a re  w i th in  the smal les t  subdiv is ion ,  consecutive 
numbers beginning w i t h  2  . a re  added . to  t h e  l e t t e r s ,  s t a r t i n g  wi th  the  
second w e l l ,  i n  t h e  order , i n  'which the  w e l l s  o r  t e s t  ho les  were inventoried.. 
For example, C6-96-15add ind ica t e s  a  w e l l  i n  t h e  southeas t  quar te r  of the 
southeas t  qua r t e r  of the  nor theas t  quar te r '  of sec'. 15,  .T .  ,6, S.  , R .  96 W: 
The absenc,e of a  number f o l l m i n g . t h e  lowercase l e t t e r s  shows t h a t  t h i s  
was the  f i r s  t we 11 inventor ied i n  t he  quar te r  - quar t er-quar't  er  s e c t  ion .  
The c a p i t a l  l e t t e r  C i n d i c a t e s . t h e  township i s  south of t h e  base l i n e  and 
t h a t  t he  range is  west .of the  p r i n c i p a l  meridan. 

AQUIFER TEST OF 'THE ALLUVIUM ALONG PICEANCE CREEK 

F ive  t e s t  ho les  were d r i l l e d  i n  a  l i n e  about 5 miles  'above the mouth 
of Piceance Creek (Bl-97-22) t o  determine the  hydrologic charac te r  of the 
alluvium. . (See f i g .  4 . )  One of the t e s t  ho l e s  (TH 2) was l a t e r  reamed, 
cased ,  and'  t e s t  pumped. , 

After  t e s t  hole  2 was reamed t o  about 10 inches ,  an 8 1/8-inch I D  
( i n s i d e  diameter)  casing was s e t  104 f e e t  below the land sur face .  The 
cas ing  was open a t  t h e .  bottom and was per fora ted  from 60 t o  103. f e e t  wi th  
9 rows of torch-cut s l o t s .  The open a r e a . o f  t h e  per fora ted  i n t e r v a l  
(60-103 f t )  was 4  percent .  

- -  - - - -  - -- - --  - -  - - -  ._.. -. . . _ _ -  ~ . . - - _ - 

. Well development began by lowering the  d r i l l  stem t o  a  depth kf about 
100 f e e t  and running c l ea r  water down the stem for  2 hours t o  f l u s h  the 
d r i l l i n g  mud from t h e  wel l .  The wel l  was then pumped by forc ing  compressed 
a i r  i n t o  t h e  d r i l l  stem a t  an average r a t e  of 400 cubic f e e t  per minute. 
Next, the  w e l l  was pumped fo r  3.0 minubtes and allowed t o  recover for  15 
minutes.  These development s t eps  were repeated for  about 1 0  hours.  During 
pumping, about 7 cubic  yards of mater ia l  ranging i n  s i z e  from s i l t  t o  
cobbles a s  l a rge  a s  6 inches i n  diameter were blown from the c-asing. The 
w e l l .  y ie lded  about 200 gpm (gallons per .minute) a t  the  end of t h i s  s tage  
of development. 

For t h e  second s tage .o.f development ,' a surge block f i t t e d  wi th  a  
l igh t -weight ' rubber  gasket t o  assure  a  reasonably t i g h t  f i t  i n  the  casing 
was a t tached  t o  the  d r i l l  stem jus t  above the  b i t .  The w e l l  was surged f o r  



Qal . 

? 0; I Oi2 MILE 

I 
Bedrock. 

(Tge) 

0 0.1 0.2 MILE 
L I I 

VERTICAL EXAGGERATION X 5.3 
DATUM IS M E A N  S E A  L E V E L  

EXPLANATION . 

D D' 
L ine of section 

. . .J 

Test 'hole 
l x W - 4  

Test hole and 
observat~on well . 

, p - 3  

Observation well 

Alluvium 

Evacuation Creek Member 

------ 
Potentiometric surface 
--- 

Contact between 
alluvium and bedrock 

Sand and gravel 

Clay, sand, and gravel 

Sand ,and clay 

Figure 4. -.-Geologic map and section of pumping-test si te along 
Piceance Creek (Bl-97-22). 



abou t  2 hburk by s lcmly lowering and r a i s i n g  t h e  d r i l l  s t e m .  D u r i n g t h e  
s u r g i n g ,  a i r  was fo rced  down t h e  d r i l l  , s t e m  o c c a s i o n a l l y  t o  blow o u t  t h e  
accumulated sand and s i l t  a t  t h e  bottom of t h e  w e l l .  . Surging was s topped 
when sand and s i l t  ceased t o  accumulate.  The s u r g e  block was removed, and 
t h e  w e l i  was pumped i n t e r m i t t e n t l y  w i t h  a i r  f o r  about  3 hours .  During. 
s u r g i n g  and d u r i n g  t h e  l a s t  per iod of pumping, about  a  cubic  yard  of  s i l t  
and sand was removed from t h e  w e l l .  At t h e  end of pumping, t h e  w e l l  was 
y i e l d i n g  about 400 gpm of s i l t y  wa te r .  . . 

~t the  end of development, a  t u r b i n e  pump was' i n s t a l l e d  and t h e  w e l l  
was considered s a t i s f a c t o r y  f o r  a pumping t e s t .  A production w e l l  would 
probably  need a .  b e t t e r  s c r e e n  and more development because t h e  t e s t  
i n d i c a t e d  a l a r g e  e n t r a n c e  l o s s  i n  t h e  pumped w e l l .  

~ i b e  obse rva t ion  w e l l s  w e r e  ' i n s t a l l e d  ( f i g .  4 )  by d r i l l i n g  4-inch 
d iamete r  h o l e s  and. c a s i n g  them w i t h  1%-inch I D  i r o n  pipe and sandpoin t s  
1 8  inches,  long.  One of t h e  p ipes  w a s  i n s t a l l e d  a t  the  s i t e  of one of  
t h e  t e s t  h o l e s  (W-4). Clear wa te r  was pumped down the  w e l l s  t o  . f l u s h  t h e  
d r i l l i n g  mud from the  h o l e .  For about a n  h o u r ,  each of t h e  w e l l s  was 
developed w i t h  compressed a i r ,  b l w i n g  water  and mud t o  the  s u r f a c e  
between the  p i p e  and t h e  w a l l s  ' o f  t h e  h o l e .  A f t e r  development, t h e  w e l l s  
would t ake  c l e a r  wa te r  r a p i d l y  i n d i c a t i n g  good hydrau l i c  connection 
between the  w e l l s  and t h e  a q u i f e r .  

Geology of t h e  pumping-test s i t e  

The pumping-test s i t e  i s .  u n d e r l a i n  by al luvium, composed p r i n c i p a l l y  
o f  sand ,  g r a v e l ,  and c l a y .  The l i t h o l o g y  i s  shown on f i g u r e  4 and i s  
d e s c r i b e d  i n  t h e  logs  of tes t  h o l e s  i n  t a b l e  3 .  

Sand i n  t h e  al luvium grades  from very  f i n e  t o  very coarse  and 
g e n e r a l l y  is  more s p h e r i c a l  than  t h e  g r a v e l  a l though  g e n e r a l l y  not  a s  
w e l l  rounded. The g r a v e l  grades from very  f i n e  t o  very coarse  and i s  

- .  composed of f l a t ,  rounded, oval-shaped p i e c e s  of mar ls tone ,  s i l t s t o n e ,  
and s a n d s t o n e .  S o r t i n g  of t h e  sand and -grave-1- i s -  moderate t o -  poor ; - - _. _ -  

however, t h e  d e p o s i t  i s  c o a r s e r  near t h e  base and 2 t o  5 f e e t  of cobble  
g r a v e l  g e n e r a l l y  o v e r l i e s  the  bedrock (Evacuation Creek Member of t h e  
Green River Formation).  Beds of sand and g r a v e l  c o n t a i n  minor amounts of 
c l a y  and range i n  t h i c k n e s s  from 25 t o  120 f e e t .  Commonly, t h e  g r a i n s  
a r e  ve ry  p a l e  t o  pa le  yel lowish orange above t h e  water  t a b l e  and a r e  
s t a i n e d  b l u i s h  g reen  below the  water  t a b l e .  

Beds of c l a y  a r e  b l u i s h  g r a y ,  c a l c a r e o u s ,  and s i l t y ,  and c o n t a i n  
. a  few l e n s e s  and s t r i n g e r s  of sand and g r a v e l .  They a l s o  con ta in  much 

. carbonized wood and many t i n y  clam and s n a i l  s h e l l s .  The c l a y  beds 
aggrega te  about 60 f e e t  a t  t h e  e a s t  edge of t h e  a l luvium and t h i n  t o  
t h e  w e s t ,  p inching ou t  s l i g h t l y  west  of t h e  pumped w e l l  ( f i g .  4 ) .  



Water i n  the  alluvium occurs  under bo th  w a t e r - t a b l e  and a r f e s i a n  
' c o n d i t i o n s  ( f i g .  4 ) .  The p e r m e a b i l i t y  of t h e  c l a y  is  much less than  t h a t  

of t h e  sand and g rave l ,  and where i t  c o n f i n e s  wa te r  i n  under ly ing sand 
and g r a v e l  under enough p ressure ,  wa.ter f lows a t  the  land s u r f a c e  when 
tapped by a t e s t  hole.  Test h o l e s  3  and 5  flowed b r i e f l y  a f t e r  be ing  
d r i l l e d ,  and water r o s e  3  t o  4 f e e t  above t h e  l.and s u r f a c e  i n -  t h e  d r i l l  
stem when d r i l l i n g  was stopped t o  add stems.  Tes t  h o l e  4 d i d  n o t  f low,  
which may i n d i c a t e  e i t h e r  t h a t  .the a l luvium has  a  wa te r  l e v e l  lower 
than t h a t  i n  the  ma'in body of t h e  al luvium or t h a t  t h e  , t e s t  h o l e  caved 
and s e a l e d  i t s e l f  when the  d r i l l  s tem was removed. 

Water i n  the  alluvium feeds  Piceance Creek i n  t h e  r each  a d j a c e n t  t o  
t h e  tes t  s i t e ,  a s  shown by smal l  s p r i n g s  t h a t  i s s u e  i n t o  t h e  streambed 
and by t h e  a l t i t u d e  of the  wa te r  l e v e l  i n  W - 1  (5,870.2 f t ) ,  which i s  
8.7 f e e t  h i g h e r  than the  water  l e v e l  i n  Piceance Creek (5,861.5 f t ) .  

Explanation of a q u i f e r  t e s t  . . 

The pumping t e s t  was made on w e l l  B1-97-22dca (TH 2 ;  f i g .  4 ) .  Water 
l e v e l s  were measured i n  f i v e  obse rva t ion  w e l l s  and t h e  pumping w e l l  
( f i g s  . 5-10). The pumping r a t e  ranged from 224 t o  235 gpm and averaged 
231 gpm f o r  8  days (Oct. 4-12, 1965). Pumping was i n t e r r u p t e d  f o r  a  
s h o r t  pe r iod  once a  day because t h e  engine had t o  be s h u t  o f f  f o r  r e f u e l i n g .  
A t  t h e  s t a r t  of the  t e s t ,  98 f e e t  of  m a t e r i a l  was s a t u r a t e d  a t  t h e  pumped 
w e l l .  

R e s u l t s  of a q u i f e r  t e s t  

The pumping-test da ta  were analyzed by t h e  method developed by 
Theis  (1935) and modified by Cooper and Jacob  (1946). F igures  5  through 
1 0  a r e  semilog graphs of drawdown. Except f o r  e a r l y  d a t a ,  t h e  measure- 
ments i d e a l l y  should p l o t  i n  a  s t r a i g h t  l i n e .  Depar tures  from a  s t r a i g h t  
l i n e  i n d i c a t e  d i f f e rences  between t h e  r e a l  hydrologic  s i t u a t i o n  i n  t h e  
a l luv ium of Piceance Creek and t h e  i d e a l i z e d  hydrologic  s i t u a t i o n  assumed 
by Theis  (1935) and Cooper and Jacob (1946) . The d a t a  f a l l i n g  on a  
s t r a i g h t  l i n e  i n d i c a t e  when t h e  a q u i f e r  was behaving a s  though i t  were 
i n f i n i t e ,  homogeneous, and i s o t r o p i c .  Departures from t h i s  l i n e  were 
i n t e r p r e t e d  a s  follows : 

1. Data above the  s t r a i g h t  l i n e  i n d i c a t e  t h a t  t h e  drawdown was l e s s  
than should  be expected and t h a t  t h e  a q u i f e r  was proba.bly being recharged .  

2 .  Data below the  s t r a i g h t  l i n e  i n d i c a t e  t h a t  drawdawn was more 
than should. be expected and t h a t  t h e  cone of depress ion  had reached t h e  
edge o f  the  alluvium and the  r e l a t i v e l y  impermeable Green River  Formation.  

3 .  Sharp  f l u c t u a t i o n s  shown on f i g u r e  5  proba.bly a r e  caused by t h e  
i n t e r r u p t  i o n s  i n  pumping .. 
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'~igjure 7. --Drawdown in well W-2. 
I 
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TIME, IN MINUTES SINCE PUMPING BEGAN 

F i g u r e  8. --Drawdown i n  we l l  W-3.  





Figure 10. --Drawdown in well  E-1. 
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Figure 11. --Change in specific conductance of water during pumping test  of well B1-97-22dca. 



'The t r a n s m i s s i b i l i t y  o f  t h e  a l l u v i a l  f i l l  of P iceance  Creek d i f f e r s  
from p l a c e  t o  p lace .  The t r a n s m i s s i b i l i t y  of t h e  a l l u v i a l  a q u i f e r  near  
t h e  pumped w e l l  i s  about  40 ,000 gpd per  f t  ( g a l l o n s  per  day pe r  f o o t ) .  
Data from observat ion w e l l s  nea r  t h e  pumped w e l l  ( f i g s  . 6 ,  7 ,  8) were  
cons ide red  l e a s t  a f f e c t e d  by d i f f e r e n c e s  i n  t r a n s m i s s i b i l i t y  and by 
boundar i e s .  A higher  t r a n s m i s s i b i l i t y ,  however,  i s  i n d i c a t e d  by t h e  logs  
of t h e  t e s t  holes  d r i l l e d  wes t  o f  t h e  pumped w e l l ,  and a  lower t r a n s -  
m i s s i b i l i t y  e a s t  of t h e  pumped w e l l .  (See f i g .  4 . )  The t e s t - h o l e  logs 
w e s t  of t h e  pumped w e l l  c o n t a i n e d  fewer c l a y  beds  i n d i c a t i n g  t h e  t r a n s -  
m i s s i b i l i t y  may be a s  much as 100,000 gpd per  f t  . Eas t  of  t h e  pumped 
w e l l ,  t h e  logs conta ined  more c l a y  i n d i c a t i n g  t h e  t r a n s m i s s i b i l i t y  may 
be a s  low a s  20,000 gpd per  f t .  The a v e r a g e  c o e f f i c i e n t  of  s t o r a g e  
probably  i s  about 0.20. 

During the  pumping t es t ,  s p e c i f i c  conductance of t h e  w a t e r  dec reased  
from abou t  12,000 t o  10,000 micromhos ( f i g .  11) , which may i n d i c a t e  a  ' 

l a y e r i n g  .of the water  and subsequent  mixing when pumped. 

AQUIFER TESTS OF THE GREEN R I V E R  FORMATION 

. . 
Information concern ing  t h e  wa te r -bea r ing '  c h a r a c t e r  of  t h e  Green 

R ive r  Formation was o b t a i n e d .  d u r i n g  t h i s  s t u d y  from pumping and r ecove ry  
t e s t s  o f  t h r e e  .wells  t h a t  t a p  t h e  fo rma t ion .  The r e s u l t s  of t h e s e  t e s t s  
a r e  g iven  i n  the  fo l lowing  pa rag raphs .  

I Recovery t e s t  of w e l l  C1-96-10dd 

Well  C1-96-10dd ( p l .  1) was d r i l l e d  i n  September 1957 a s  an o i l  
t e s t  b u t  was completed a s  a wa te r  w e l l .  The w e l l  i s  3 ,000 f e e t  d e e p ,  i s  
cased  and cemented t o  1 ,000 f e e t  below t h e  land  s u r f a c e .  It t a p s  t h e  
Pa rachu te  Creek Member of t h e  Green River  Formation ( t a b l e  1 )  . Before 
t h e  w e l l  was t e s t ed  i n  October 1964,  i t  flowed an  average  of 57 gpm f o r  
3  months. The w e l l  was s h u t  i n ,  and head r ecove ry  was measured w i t h  an 
" ink-wel l"  mercury gage des igned and c o n s t r u c t e d  by Lohman (1947a, 1947b) . 
The c a l c u l a t e d  c o e f f i c i e n t  of t r a n s m i s s i b i l i t y  from the  t e s t  was 2,000 gpd 
per  f  t ( f i g  . 12).  

I Recovery . t e s t  of w e l l  C3-96-10a.a 

Well  F3-96-10aa ( p l .  1) was a l s o  d r i l l e d  a s  an o i l  t e s t  and subse-  
q u e n t l y  was converted t o  a  wa te r  w e l l .  The w e l l  r e p o r t e d l y  was plugged 
a t  1 ,300  f e e t  below t h e  l and  s u r f a c e  and i s  cased  t o  460 f e e t ;  it t a p s  

I t h e  Parachute  Creek Member of t h e  Green R ive r  Formation ( t a b l e  1 ) .  
I 

T h i s  we l l  had been s h u t  i n  f o r  about  a  month, and t h e  head  was 
100.3 f e e t  above the  land  s u r f a c e .  The w e l l  was allowed t o  f low a n  ave r -  
age of 230 gpm f o r  1 ,330  m i n u t e s ;  measured d i s c h a r g e  d e c l i n e d  from 322 t~ 
200 gpm. Maximum d i s c h a r g e  was probably g r e a t e r  than  maximum measured 
d i s c h a r g e  because d i s c h a r g e  could  n o t  be measured du r ing  t h e  f i r s t  30 minu tes  
of t h e  t e s t .  The w e l l  was s h u t  i n ,  and r e c o v e r y  was measured w i t h  t h e  "ink- 
w e l l "  mercury gage ( f i g .  1 3 ) .  The c a l c u l a t e d  c o e f f i c i e n t  of t r a n s m i s s i -  
b i l i t y  was 2,000 gpd p e r  f t .  



/ TIME, IN MINUTES SINCE PUMPING STOPPED 

Figure 12. - -Recovery in well ~ 1 - 9 6 -  10dd (artesian well tapping Green River Formation). 



' , .  

Figure 13. --Recovery in well C3-96-10aa (artesian well tapping Green River Formation). . , 





Pumping t e s t  of w e l l  C3-96-llba 

Well C3-96-llba ( p l .  1 )  was d r i l h d  a s  a  wa te r  w e l l  and r e p o r t e d l y  
i s  1,000 f e e t  deep. Records of  c a s i n g  t h e  w e l l  a r e  .no t  ava i l a .b le ;  
however,.  i t  i s  cased a t  l e a s t  t o  t h e ,  t o p  of the  Parachute Creek Member 
of the  Gr,een River Formation ( t a b l e  1). Although the  weLl i s  equipped 
w.ith a. t u r b i n e  pump, it flows con t inuous ly  w h i l e  not  .being pumped a t  an 
average  r a t e  of 20 gpm from t h e  t o p  of t h e  c a s i n g ,  which i s  2.5 f e e t  
above the  land surface .  During t h e  test  , t h e  w e l l  was pumped a n  average- 
of 64 gpm f o r  1,420 minutes,  and then recovery  w a s  measured ( f i g .  14)  
f o r  100 minutes. The c a l c u l a t e d  c o e f f i c i e n t  of ' t r a n s m i s s i b i l i t y  was 
1,000 gpd per  f o o t .  The s t o r a g e  c o e f f i c i e n t  (S) of 0.00001. was ca lcu-  
l a t e d  from t h e  water l e v e l  measurements made' i n  w e l l  ~ 3 - 9 6 - l d a a  w h i l e  
pumping we l l .  C3-96-llba. 

SUMMARY 

T e s t  d r i l l i n g  along the major d r a i n a g e s  of t h e  Piceance Creek b a s i n  
i n  Rio Blanco and Garf ie ld  Counties i n d i c a t e s  t h a t  t h e  al luvium i s  a s  
much as. 140 f e e t  thick and the  s a t u r a t e d  th ickness  may be a s  much a s  
100 f e e t .  An aquifer  t e s t  i n  the  a l luv ium of Piceance Creek showed t h a t  
a f t e r  pumping a r e l a t i v e l y  s h o r t  t ime ,  t h e  hydrologic  boundaries of t h e  
a l luvium w i l l  a f f e c t  drawdowns and w e l l  y i e l d s .  The l i t h o l o g y  of t h e  
a l luvium determines the  c o e f f i c i e n t s  of t r a n s m i s s i b i l i t y .  I n  p l a c e s  
where the  al luvium con ta ins  c l a y  beds ,  t h e  t r a n s m i s s i b i l i t y  may be a s  
low a s  20,000 gpd per f t .  I n  p laces  where t h e  a l luvium is  mainly sand 
and g r a v e l ,  t r a n s m i s s i b i l i t y  may be 100,000 gpd per  f t  or g r e a t e r .  Tlie 
c o e f f i c i e n t  of s torage probably averages  about 0.20. Thus, w e l l  y i e l d s  
depend l a r g e l y  on the l i t h o l o g y  of the  a l luvium a t  the w e l l ,  and the  

, -.-. l o c a t i o n  of t h e  wel l  w i t h  r e s p e c t  t o  t h e  hydrologic  boundaries.  . I n i t i a l  
?$f y i e l d s  from properly l o c a t e d ,  developed,  and cons t ruc ted  w e l l s  a r e  

es t ima ted  t o  be as much as 1 ,000 gpm. 

Aquifer  t e s t s  of t h e  Parachute Creek Member of t h e  Green River  
Formation i n d i c a t e  a  range of t r a n s m i s s i b i l i t y  from 1,000 t o  2,000 gpd 
p e r  f t  and a  s torage  c o e f f i c i e n t  of 0.00001. Maximum v e l l  y i e l d s  from 
t h i s  member a r e  est imated t o  be  as much a s  500 gpm. 
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Table  2.--mqs o f  t e s t  h o l e s  and o b s e r v a t i o n  w e l l s  d r i l l e d  i n  t h e  a l l u v i u m  

samples  ,+ere des.jribed and  format ion  names have been  added by t h e . a u t h o r s .  T e s t  h o l e s  and  o b s e r v a t i o n  w e l l s  were d r i l l e d  i n  t h e  
a l l u v i u m  a l o n g  p l c e a n c e ,  Yellow, P a r a c h u t e ,  and Roan c r e e k s .  The l i n e s  a r e  d e s i g n a t e d  by l e t t e r s  (A-A') and  a r e  shown on p l a t e s  1 
and 2. ~ e s t  h o l e  and  o b s e r v a t i o n  w e l l  numbers (shown a f t e r  t h e  l o c a t i o n  number) c o n t a i n  t h e  l e t t e r  d e s i g n a t i o n  o f  t h e  l i n e  and 

t h e  number o f  t h e  h o l e  on t h a t  l i n e .  A l t i t u d e s  shown a r e  f o r  l a n d  s u r f a c e  a t  e a c h  s i t e .  T h i c k n e s s  is i n  f e e t .  Depth is  i n  f e e t  
beiow l a n d  s u r f a c e .  

'2hlck- 

- 
01-97-22dca. A l t .  5,878.2 f t .  

D-D' . TH 2 (vumved w e l l ) .  - - 
~1luvi ;m:  

G r a v e l ,  v e r y  f i n e  t o  v e r y  
c o a r s e ,  s u b a n g u l a r  t o  - 
rounded--composed o f  f l a t  
p i e c e s  o f  m a r l s t o n e  and 
s i l t s t o n e - - a n d  v e r y  f i n e  
t o  v e r y  c o a r s e  sand: 
c o n t a i n s  c l a y .  16 . . . . . . .  

G r a v e l ,  v e r y  f i n e  t o  v e r y  
c o a r s e ,  a n g u l a r  t o  
rounded--composed o f  f l a t  
p i e c e s  o f  m a r l s t o n e ,  silt- 
s t o n e ,  and  s a n d s t o n e  t h a t  
a r e  s t a i n e d  b l u i s h  green-- 
and  f i n e  t o  very  c o a r s e  
sand:  c o n t a i n s  c l a y  , 
s t r i n g e r s .  . . . . . . . .  19 

c l a y .  l i g h t - b l u e ,  s i l t y .  
c a l c a r e o u s ,  and v e r y  f i n e  
t o  c o a r s e  a n g u l a r  t o  
rounded g r a v e l :  c o n t a i n s  
v e r y  f i n e  t o  v e r y  c o a r s e  
sand  (sand  and g r a v e l  
d r i l l  a s  though t h e y  a r e  
i n  s t r i n g e r s )  . . . . . . . .  28 

G r a v e l ,  v e r y  Eine t o  v e r y  
c o a r s e ,  a n g u l a r  t o  
rounded--composed o f  f l a t  
p i e c e s  o f  m a r l s t o n e .  sand- 
s t o n e ,  and  s i l t s t o n e - - a n d  
f i n e  t o  v e r y  c o a r s e  sand 44 

Green R i v e r  Formation ( b e d r o c k ) :  
Evacuat ion  Greek  Member: 

S i l t s t o n e ,  l i g h t - p u r p l i s h -  
t a n .  sandy,  c a l c a r e o u s ,  
f l r m l y  cemented: c o n t a i n s  
b l a c k  o r g a n i c  m a t e r i a l  
( d r i l l s  a s  though 
f r a c t u r e d )  . . . . . . . .  8 

81-97-22dca2. A l t .  5,862.5 f t .  
0-D', TH 4 .  

Alluvium: 
Sand, v e r y  P i n e  t o  v e r y  

c o a r s e ,  and  v e r y  Eine 
a n g u l a r  t o  subrounded 
g r a v e l :  c o n t a i n s  g r a y  
c l a y . .  . . . . . . . . .  8 

C l a y ,  l l g h t - b l u i s h - g r a y ,  
. s a n d y , c a l c a r e o u s  . . . . .  

G r a v e l ,  v e r y  f i n e  t o  
3 

c o a r s e ,  a n g u l a r  t o  
rounded--composed of f l a t  
p i e c e s  o f  s i l t s t o n e ,  marl-  
s t o n e ,  a n d  'sandstone--and 
v e r y  f i n e  t o  v e r y  c o a r s e  

' s a n d ;  c o n t a i n s  l i g h t -  
b l u i s h - g r a y  c a l c a r e o u s  -- - - - -- 
clay-;-;-.-.--.--.-.-.-- .-4- 

Green River  F o r m a t i o n ( b e d r o c k ) :  
Evacuat ion  Creek  Member: 

S i l t s t o n e ,  l i g h t - g r a y .  c a l -  
. c a r e o u s :  c o n t a i n s  ,b lack  

o r g a n i c  m a t e r i a l  . . . . .  5 

01-97-22dca3. A l t .  5,864.2 f t .  
D-D' , TH 5. 

Alluvium: 
Clay ,  l i g h t - b r o w n , . s a n d y ,  

c a l c a r e o u s  . . . . . . . .  2 
Clay ,  l i g h t - b l u i s h - g r a y ,  

sandy. c a l c a r e o u s ;  
c o n t a i n s  s t r i n g e r s  of  v e r y  
f i n e  t o  medium a n g u l a r  t o  
wel l - rounded a r a v e l .  and 
sand  . . . . . . . . . . .  13 

Clay ,  l i g h t - b l u l s h - g r a y ,  
E l r m .  s a n d y ,  c a l c a r e o u s :  
c o n t a i n s  b l a c k  o r g a n i c  
m a t e r i a l  and. s n a i l  s h e l l s .  11  

C l a y ,  l i g h t - b l u i s h - g r a y ,  
f i r m ,  s a n d y ,  c a l c a r e o u s :  
c o n t a i n s  s t r i n g e r s  of f i n e  
t o  medium g r a v e l  . . . . .  25 

G r a v e l ,  v e r y  f i n e  t o  v e r y  
c o a r s e ,  a n g u l a r  t o  rounded 
--composed of  f l a t  p i e c e s  
o f  s i l t s t o n e .  s a n d s t o n e ,  
and m a r l s t o n e  t h a t  a r e  
s t a l n e d  b l u i s h  green--and 
l i g h t - b l u i s h - g r a y  sandy 
c l a y :  c o n t a i n s  v e r y  f i n e  . . .  t o  v e r y  c o a r s e  sand. 6  

C l a y ,  l i g h t - g r a y  t o  b l a c k .  
c: t lcareous:  c o n t a i n s  mu'ch 
b l a c k  o r g a n i c  m a t e r i a l  . . 4 

G r a v e l ,  v e r y  Eine t o  v e r y  
c o a r s e ,  a n g u l a r  t o  rounded-- 
composed o f  f l a t  p i e c e s  of  
s i l t s t o n e ,  m a r l s t o n e ,  and 
s a n d s t o n e  t h a t  a r e  s t a i n e d  
l i g h t  b l u i s h  green--and very  
f i n e  t o  v e r y  c o a r s e  s a n d .  . 35 
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I 22;- Depth 1 ???? Depth 
1 , I I lr59 . - 
81-97-22dca3.--Continued 01-97-2Zdcb.--Continued 
Green R i v e r  Formation (bedrock) : w e l l  rounded--composed o f  

~ v a c u a t i o n  Creek Member: f l a t  p i e c e s  of s i l t s t o n e ,  
S i l t s t o n e .  l i g h t - g r a y .  c a l -  m a r l s t o n e ,  a n d  sands tone- -  

c a r e o u s :  c o n t a i n s  b l a c k  and v e r y  f i n e  t o  v e r y  
o r a a n i c  m a t e r i a l  . . - - 14 110 

' I c o a r s e  sand ( a r a v e l  a n d  
I - < I sand a r e  s t a i n e d  b l u i s h  

81-97;22dca4. A l t .  5 .869.7 f t .  
D-D . .Well E-1. 

Alluvium: 
G r a v e l ,  v e r y  f i n e  t o  

c o a r s e .  a n g u l a r  t o  sub- 
rounded--composed of f l a t  
p i e c e s  o f  s a n d s t o n e ,  marl-  
s t o n e .  and s i l t s t o n e  t h a t  
a r e  s t a i n e d  b l u i s h  green-- 
a n d  v e r y  f i n e  t o  very  . . . . . . .  c o a r s e  sand  14 14 

c l a y ,  l i g h t - b l u i s h - g r a y .  
s i l t y :  c o n t a i n s  v e r y  f i n e  
sand and  t h i n  s t r i n g e r s  Of . . . . . . . . .  g r a v e l  4  18 

G r a v e l ,  v e r y  f i n e  t o  Very 
. c o a r s e ,  a n g d l a r  t o  sub- 

rounded, and v e r y  f i n e  t o  . . . .  . v e r v  c o a r s e  s a n d  2  20 

. . . .  g r e e n  below 26 f t )  32 32 
Gravel;  f i n e  to  v e r y  c o a r s e ,  

a n g u l a r  t o ,  subrounded-- 
composed o f  F l a t  p i e c e s  of 

I e a n d s t o n e  a n d  mar ls tone- -  
and f i n e  t o  v e r y  c o a r s e  
sand ( a l l  p a r t i c l e s  a r e  
s t a i n e d  b l u i s h  a reen .  and 
g r a v e l  becomes g e t t e r  
s o r t e d  below 6 5  f t :  
s t e a d y  l o s s  o f  d r i l l i n g  . . . . . .  f l u i d  65:120 f t )  8 8  120 

r e e n  R i v e r  Formation (bedrock)  : 
Evacuat ion  Creek Member: 

S i l t s t o n e ,  l i g h t - l a v e n d e r -  
brown, c a l c a r e o u s ,  f i r m l y .  
cemented: c o n t a i n s  b l a c k  . . . . .  o r g a n i c  m a t e r i a l  5  1 2 5  

---, 
C l a y ,  l i g h t - b l u i s h - g r a y .  81-98;24aba. ~ l t ,  6,022.4 f t .  

s i l t y :  c o n t a i n s  very  f i n e  8-B . TH 1. 
sand and t h i n  l a y e r s  Of Alluvium: 
sandy g r a v e l  - - . - . - ' 42 62 Gravel ,  v e r y  f i n e  t o  c o a r s e .  

G r a v e l ,  v e r y  f i n e  t o  v e r y  s u b a n g u l a r  t o  subrounded-- 
c o a r s e .  a n g u l a r  t o  sub- composed o f  41a t  p i e c e s  o f  
rounded--composed o f  f l a t  m a r l s t o n e  a n d  sands tone- -  
p i e c e s  o f  s a n d s t o n e  and  
m a r l s t o n e  t h a t  a r e  s t a i n e d  
l i g h t  b l u i s h  green--and 
v e r y  f i n e  t o  v e r y  c o a r s e  . . . . . . . . . .  sand 28 

11-97-22dbd. A l t .  5.865.0 f t .  
D-D', TH 3. 

~ l l u v i u m :  
Gravel., very  f i n e  t o  v e r y  , 

c o a r s e ,  a n g u l a r  t o  sub- 
rounded--composed o f  f l a t  
p i e c e s  of m a r l s t o n e  and 
. s i l t s t o n e  t h a t  a r e  s t a i n e d  
l i g h t  g r e e n i s h  blue--and 
v e r y  f i n e  t o  v e r y  c o a r s e  . . . . . . . . . . .  . sand 11' 

c l a y ,  l i g h t - b l u e ,  s i l t y .  
c a l c a r e o u s ,  and  s t i i n g e r s  
of v e r y  f i n e  t o  v e r y  
c o a r s e  a n g u l a r  t o  sub- 
rounded b lu ish-green-  
s t a i n e d  g r a v e l :  c o n t a i n s  
v e r y  f i n e  t o  very  c o a r s e  . . . . . . . . . . .  sand 22 

c l a y .  l i g h t - b l u e  and l i g h t -  
g r a y ,  s i l t y ,  c a l c a r e o u s :  
c o n t a i n s  b l a c k  o r g a n i c  -- -. 
mater~al -and-very- f  i n e -  __ . . . . . . . . .  s a n d .  29 

G r a v e l ,  very  f i n e  t o  v e r y  
c o a r s e ,  subanqular  t o  
subrounded--composed o f  
f l a t  p i e c e s  o f  m a r l s t o n e  
and s a n d s t o n e  t h a t  a r e  ' s t a i n e d  l i g h t  b l u i s h -  
green--and v e r y  f i n e  t o  
v e r y  c o a r s e  sand: c o n t a i n s  
s t r i n g e r s  o f  l i g h t - b l u e  . . . . . . . . . .  c l a y  2 0 .  

G r a v e l ,  v e r y  f i n e  t o  v e r y  
c o a r s e ,  a n g u l a r  t o  w e l l  
rounded--composed o f  f l a t  
p i e c e s  of s a n d s t o n e .  
mar ls tone .  and s i l r s t o n e - -  
and Eine t o  medium sand. 14 

Green River  Formation (bedrock) : 
Evacuat ion  Creek  Member: 

Sandstone,  l i g h t - g r a y ,  f ine-  
g r a i n e d ,  c a l c a r e o u s ,  . . . .  f i r m l y  cemented 3 

S i l t s t o n e ,  l i g h t - p u r ? l i s h -  
t a n ,  c a l c a r e o u s .  f i r m l y  
cemented: c o n t a i n s  b lack  . . . .  o r g a n i c  m a t e r i a l  3 .  

Sandstone.  t a n  and l i c h t  
g r a y ,  medium-grained, c a l -  
c a r e o u s ,  f i r m l y  cenented;  
c o n t a i n s  a  few blac:< 

, s p e c k s  o f  o r g a n i c  ; l a t e r i a l  6  
S i l t s t o n e ,  l i g h t - t a n ,  sandy. 

c a l c a r e o u s ,  f i r m l y  
cemented: ~ o n t a i n s  b lack  . 
o r g a n i c  m a t e r i a l  and p y r i t e  . . . . . . . .  v e i n l e t s  17 

el-97;22dcb. A l t .  5 ,891 .9  f t .  
D-D , TH 1, Wel l  W-4. 

Alluvium: 
G r a v e l ,  v e r y  f i n e  t o  %'cry 

c o a r s e ,  s u b a n g u l a r  t o  

and ' f i n e  to v e r y  c o a r s e  
sand:  c o n t a i n s  l i g h t - t a n  . . . . . . . .  sandy c l a y  20 

c l a y ,  l i g h t - t a n ,  sandy, and 
v e r y  f i n e  t o  c o a r s e  sub- 
a n g u l a r  t o  subrounded 
g r a v e l :  c o n t a i n s  v e r y  f i n e  
t o  v e r y  c o a r s e  sand . . .  12 

G r a v e l ,  very  f i n e  t o  c o a r s e ;  
s u b a n g u l a r  t o  subrounded-- 
composed o f  f l a t  p i e c e s  o f  
m a r l s t o n e  a n d  sandstone-- . 
and l i g h t - t a n  i i l t y  c l a y :  
c o n t a i n s  v e r y  f i n e  t o  v e r y  . . . . . . .  c o a r s e  s a n d .  .22 

Gravel .  v e r y  f i n e  t o  v e r y  
c o a r s e ,  s u b a n g u l a r  t o  sub- 
rounded--composed o f  f l a t  
p i e c e s  of  m a r l s t o n e  and 
sandstone--and l i g h t - t a n  
sandy c l a y :  c o n t a i n s  very  
f i n e  t o  v e r y  c o a r s e  sand 
a n d  a  few c o b b l e s  and . . . . . . . .  b o u l d e r s  ; 29 

G r a v e l ,  v e r y  f i n e  t o  c o a r s e ,  
s u b a n g u l a r  t o  subrounded-- ' 

composed o f  f l a t  p i e c e s  o f  . 
m a r l s t o n e  and sands tone- -  
and  very  f i n e  t o  v e r y  - - -- - - - 
coarsg-=and ;-contains---  
l i g h t - t a n  sandy c l a y  ( w a t e r  
Level  a t  86  f t :  s t e a d y  loss 
o f  d r i l l i n g  f l u i d  70-129 . . . . .  . . . . .  f t )  : 19 . . . . .  c l a y ,  gray,  s t i c k y  2  

G r a v e l ,  c o a r s e ,  v e r y  s u b a n g u l a r  f i n e  t o  v e r y  t o  sub- 
rounded--composed'oE f l a t  
p i e c e s  of m a r l s t o n e  and 
sandstone--and v e r y  f i n e  
t o  very  c o a r s e  s a n d ;  
c o n t a i n s  l i g h t - t a n  sandy . . . . . . . . . .  c l a y .  25 

Green River  Formation (bedrock)  : 
Evacuation Sands tone ,  Creek  dark-green .  Member: v e r y  

f i n e - g r a i n e d ,  c a l c a r e o u s ,  
and  i n t e r b e d d e d  l i g h t - g r e e n  . . . . . . . . . .  c l a v s  t o n e  6  

- - 
S i l t s t o n e .  l i g h t - t a n ,  .. 

c a l c a r e o u s  . . . . . . . .  3 
Sandstone.  l i g h t - g r e e n ,  v e r y  , 

f i n e - g r a i n e d ,  c a l c a r e o u s ,  
p a ~ r l y  cemented . . . . .  9 

. S i l t s t o n e ,  l ight-brown, 
c a l c a r e o u s .  well-cemented.  3  

Sands tone ,  l i g h t - g r e e n ,  f i n e -  
g r a i n e d ,  s l i g h t l y  c a l c a r e o u s ,  
cementing f i r m  t o  s o f t  i n  
t h i n  l a y e r s :  c o n t a i n s  . . . . . . . . . .  c l a y .  4  

S i l t s t o n e ,  l i g h t - t a n ,  . . . . . . .  c a l c a r e o u s  l l .  

81-98-24aba2. A l t .  6,013.9 f t .  
R-R'. TH 2. 

Alluvium: . 
c l a y ,  l igh t -brown,  sandy. 

c a l c a r e o u s :  c o n t a i n s  
s t r i n g e r s  of s u b a n g u l a r  t o  
subrounded v e r y  f i n e  t o  
c o a r s e  g r a v e l  . . . . . .  34 



Thick- Depth Thick- Depth 
n e s s  ness  

..:zk- Depth 

81-98-24aba2.--Continued El-98-24aba3 .--Continued 82-98-26acc.--continued' 
C l a y ,  l ight-brown, sandy, p i e c e s  o f  marlstone Clay ,  l l g h t - b l u i s h - g r a y ,  

c a l c a r e o u s ,  and sub- and sandstone--and s m e l l s  s t r o n g l y  of,  
a n g u l a r  t o  subrounded f i n e  t o  v e r y  coarse  hydrogen s u l f i d e :  
v e r y  f i n e  t o  v e r y  c o a r s e  sdnd; c o n t a i n s  a  l i t t l e  c o n t a i n s  p i e c e s  of  wood, , . . . .  c o n t a i n s  v e r y  l ight-brown c lay  1 5  96 t i n y  b l a c k  o r g a n i c  
f i n e  t o  v e r y  c o a r s e  sand. 26 6 0  Green River Formation ( b e d r o c k ) :  p e l l e t s ,  and  t h i n  

C l a y ,  l ight-brown, sandy; Evacuation Creek Ilember : s t r i n g e r s  o f  brown s i l t y  
c a l c a r e o u s ;  c o n t a i n s  Sandstone,  greenish-brown, and sandy c l a y ,  ( s n a i l  
subangular  t o  subrounded very f  ine-grained, c a l -  s h e l l s  and o r g a n i c  m a t t e r  . . . . . . . .  v e r y  f i n e  t o  v e r y  c o a r s e  careous  6  102 become abundant  below . . . . . . . . .  g r a v e l  ( w a t e r  l e v e l  a t  S i l t s t m e ,  l i g h t - t a n ,  c a l -  60 f t )  54 86 
70  f t ) .  . . . . . . . . .  12 7 2  careous ,  f i rmly  cemented; Gravel ,  v e r y  f i n e  , t o .  

Sand, very  f i n e  t o  f i n e ,  c o n t a i n s  laminae of  b l a c k  medium, rounded t o  w e l l ;  . . . .  and l ight-brown s i l t y  o r g a n i c  m a t e r i a l  6  108 rounded--composed o f  
c a l c a r e o u s  c l a y ;  c o n t a i n s  S i l t s t o n e ,  l igh t -green .  f l a t  p i e c e s  o f  l i m e s t o n e  . . . . . . .  s t r i n g e r s  o f  g r a v e l  . . .  1 4 '  8 6  c a l c a r e o u s  5  113 and s a n d s t o n e  t h a t  a r e  

C l a y ,  greenish-brown, sandy, S i l t s t o n e ,  l i g h t - t a n ,  c a l -  s t a i n e d  b l u i s h .  green:  
c a l c a r e o u s ;  c o n t a i n s  careous ;  conta ins  b l a c k  c o n t a i n s  v e r y  f i n e  to . . .  . . . .  s t r i n g e r s  o f  subangular  o r g a n i c  m a t e r i a l  4  117 v e r y  c o a r s e  sand. 10 96 
t o  subrounded ' v e r y  f i n e  t o  Sandstone,  l igh t -green ,  Gravel ,  v e r y  f i n e  t o  
v e r y  c o a r s e  g r a v e l  and f i n e - g r a i n e d ,  poor ly  medium, rounded t o  w e l l -  
v e r y  f i n e  t o  v e r y  c o a r s e  cemented; conta ins  c l a y  rounded--composed o f  
sand . . . . . . . . . .  20 106 and some t h i n  well- f l a t  p i e c e s  o f  l i m e s t o n e  

. . . . .   ravel, v e r y  f i n e  to  very cemented l a y e r s  19 136 and sands' tone t h a t  a r e  
c o a r s e ,  s u b a n g u l a r  t o  S i l t s t o n e ,  lig:?t-tan, s t a i n e d  b l u i s h  green-- . 
subrounded--composed o f  f i r m l y  cemented: c o n t a i n s  and l i g h t - g r a y - b l u i s h  c l a y  
f l a t  p i e c e s  of  m a r l s t o n e  laminae o f  black o r g a n i c  ( d r i l l e d  t h r o u g h  wood 
and sandstone--and f i n e  m a t e r i a l ,  faces  of s m a l l  between 96 and  98 f t ;  
t o  very c o a r s e  sand:  con- f r a c t u r e s  a r e  covere'd samples  c o n t a i n  s n a i l  . . . . . . .  t a i n s  l ight-brown sandy with p y r i t e  16' 152 s h e l l s  and f ragments  o f  . . . . . . . . .  c a l c a r e o u s  c l a y  . . . . .  1 3  119 Sandstone,  l ig5 t -green ,  bone) 21 117 

Green River Formation (bedrock)  : very f  ine-grained, p o o r l y  Clay,  l i g h t - b l u i s h - g r a y ,  
Evacuation Creek  Memberi cemented, ca lcareous  . . 3 155 c a l c a r e o u s :  c o n t a i n s  

Sands tone ,  l i g h t - g r e e n ,  s t r i n g e r s  o f  'brown s i l t y  
f i n e - g r a i n e d ,  c a l c a r e o u s .  9  1 2 8  81-98-24abb. A l t .  6.011.2 f t .  and sandy c l a y  t h a t  con- 

S i l t s t o n e ,  l i g h t - t a n ,  c a l -  8-8' .  TH 4. t a i n  much o r g a n i c  
. . . . . . . .  careous ;  c o n t a i n s  b lack  Alluvium: m a t e r i a l '  5  122 

o r g a n i c  m a t e r i a l ,  f i r m l y  CIay, brown, szndy, and Gravel ,  v e r y  f i n e  t o  . . . . . . . .  cemented 4  132 f i n e  t o  median a n g u l a r  medium. rounded t o  w e l l -  
S i l t s t o n e ,  l i g h t - g r e e n ,  t o  subrounded g r a v e l  . . 25 25 rounded--composed o f  . . . .  s l i g h t l y  c a l c a r e o u s .  Clay,  brown, sandy 11 36 f l a t  p i e c e s  o f  mar ls tone .  . 

f i r m l y  cemented . . . . .  1 133 . c l a y ,  brown, sandy, and s a n d s t o n e ,  and  o i l  sha le- -  
S i l t s t o n e ,  l i g h t - t a n ,  c a l -  f i n e  t o  mediun subazgular  c o n t a i n s  v e r y  f i n e  tp very  . . . . . .  careous ,  f i r m l y  cemented. 1 134 t o  rovnded gravel:  c o a r s e  sand 4  126 
S i l t s t o n e ,  l i g h t - g r e e n ,  c o n t a i n s  very f ine  t o  Green River  Format ion  (bedrock)  : . . . .  s l i g h t l y  c a l c a r e o u s ,  very c o a r s e  sand 5  41  Parachute  Creek Member ( 7 ) :  . . . . . .  f i r m l y  cemented 9  143 Gravel,  f i n e  t o  mediu-. O i l  s h a l e ,  brown, f i n e l y  
S i l t s t o n e ,  l i g h t - b r o t m .  s u b a n ~ l a r  c3 subrounded-- laminated  w i t h  l i g h t - t a n  

c a l c a r e o u s ,  f i r m l y  composed o f  f l a t  p i e c e s  o f  m a r l s t o n e  ( o i l  s h a l e  
cemented: c o n t a i n s  much m a r l i t o n e  an6 sandscone-- g r a d e s  t o  d a r k  brown w i t h  

. . . . . . . .  b l a c k  o r g a n i c  m a t e r i a l .  . 4 147 and c l a y  14 55 l i g h t - t a n  l a m i n a t i o n s  . . . . .  Sands tone ,  l i g h t - g r e e n ,  v e r y  Gravel,  v e r y  f i n e  t o  -:cry below 133 f t )  29, 155 
, f i n e - g r a i n e d ,  c a l c a r e o u s ,  c o a r s e ,  anguler  t o  sub- . . . . .  p o o r l y  cemented 5 152 rounded--co?.?ssed of f l a t  82-98-26acc2. A l t .  5,837.9 f t .  ' 

S i l t s t o n e ,  l i g h t - t a n ,  f i r m l y  p i e c e s  o f  marlstone and  A-A', TH 3. 
cemented: c o n t a i n s  laminae . sandstone--an? very f i n e  Alluvium: ' 
o f  b lack  o r g a n i c  m a t e r i a l  2  154 t o  v e r y  coarse  sand; Gravel ,  v e r y  f i n e  t o  v e r y  

. .  Sands tone ,  l i g h t - g r e e n ,  f i n e -  c o n t a i n s  s i l r ;  c lay .  A8 103 c o a r s e ,  s u b a n g u l a r  t o  
gra ined .  p o o r l y  cemented; subrounded--composed o f  
c o n t a i n s  a  few medium-sized f l a t  p i e c e s  o f  m a r l s t o n e  
g r a i n s .  8 162 Green River Formation (bedrock)  : and sands tone- -conta ins  . . . . . . . . .  . . . . . . .  S i l t s t o n e ,  l i g h t - t a n ,  c a l -  Evacuation Creek .\:ember: g r a y  c l a y  7  7  
careous ;  c o n t a i n s  b lack  S i l t s t o n e ,  1i;;zc-green, Clay,  g r a y ,  s i l t y ;  
o r g a n i c  m a t e r i a l  and some c a l c a r e o u s :  conta lns  * c o n t a i n s  s m a l l  r o o t s  and 
f i n e  sand g r a i n s .  . . . .  2 164 black o r g i n i z  n a t e r i a l  . 9 112 s m a l l  s h e l l s .  .- . . - . 5 12 

Sandstone.  l i g h t - g r e e n .  S i l t s t o n e ,  pur?lish-can. c l a y ,  dark-gray  t o  b l a c k .  
. . . . . . .  medium-grained, s l i g h t l y  c a l c a r e o u s  2 115 s i l t y ,  ca lcareous- -  

c a l c a r e o u s ,  p o o r l y  Sandstone,  lig?.:-greez, c o n t a i n s  r o o t s ,  s h e l l s .  . . . . . . . .  cemented 9  173 f  ine-gra ined ,  noncal- and h i g h l y  l i g n i t i c  
S i l t s t o n e ,  l igh t -brown,  c a l -  careous ,  well-cemented; wood--contains v e r y  f i n e  

careous :  f i r m l y  cemented; c o n t a i n s  l a y e r s  of t o  f i n e  s u b a n g u l a r  t o  
c o n t a i n s  laminae o f  b lack  p u r p l i s h -  t a z  s i l t s t o n e  a n g u l a r  g r a v e l .  I . . .  17 29 
o r g a n i c  m a t e r i a l ,  and v e r y  and l a y e r s  o i  l ighc-green  Gravel ,  v e r y  f i n e  t o  v e r y  . . . . . . . . . . .  . . . . . . . . .  f i n e  sand 2  175 c lay  15 130 c o a r s e ,  s u b a n g u l a r  t o  

Sandstone.  l i g t t - g r e e n ,  angular--composed o f  
~1-98-24aba3.  ~ l t .  6 , 0 0 4 . 5  f t .  f i n e l g r a i n e f ,  sl igF.rly f l a t - p i e c e s  of  mar ls tone .  

8-8 ' .  TH 3. c a l c a r e o u s ,  ,..:ell-cenented; s a n d s t o n e ,  and  s i l t s t o n e  
Alluvium: c o n t a i n s  l a y e r s  of s i l t -  t h a t  a r e  s t a i n e d  g r e e n i s h  . . . . . . . . .  C l a y ,  l ight-brown, sandy, s tone  26 158 b l u e  . . . . . . . . .  10 39 

c a l c a r e o u s ,  and s u b a n g u l a r  . S i l t s t o n e ,  pur:?ish-tin, Green River  Formation ( b e d r o c k ) :  . . . . . .  t o  subrounded v e r y  f i n e  to  c a l c a r e o u s . .  1 2  170 P a r a c h u t e  Creek Member( 3 )  I 
f i n e  g r a v e l :  c o n t a i n s  v e r y  Sands toce ,  1i;;-.:-gree?. o i l  s h a l e ,  l igh t -brown.  
f i n e  t o  v e r y  c o a r s e  sand. 1 5  1 5  f i n e - g r a i n ~ t ,  c a l c r r e l u s  3 175 low-grade, f i n e l y  lami-  

C l a y ,  l ight-brown, sandy, n a t e d  ( l o s i n g  d r i l l i n g  
c a l c a r e o u s :  c o n t a i n s  a  82-98-26acc. Alc .  i .837.4 f t .  f l u i d  35-45 f t :  upon 
l i t t l e  c o a r s e  subangular  A-A' , TH 2. ' ' c o m p l e t i o n  o f  h o l e  it 
g r a v e l  . . . . . . . . .  4 19  Alluvium: began t o  f l o w  20-75 gpm 

' C l a y ,  l ight-brown, sandy, c l a y ,  l i g h t - b r c - ,  s i l t y ,  o f  w a t e r  a t  50 F: 
. . . . . . .  . . . . . . .  ' c a l c a r e o u s  47  6 6  c a l c a r e o u s  3 5  s p e c i f i c  conductance  

C l a y ,  l ight-brown, sandy, Clay ,  l i g h t - b r a > ,  s i l ~ y .  2.600 micromhos; h o l e  
c a l c a r e o u s ,  and v e r y  f i n e .  c a l c a r e o u s ;  c m t a i n s  . remained open t o  29 f t )  6 45 
t o  f i n e  subrounded t o  very f i n e  t c  7,ediun 
well-rounded g r a v e l  . . .  5 7 1  . r b n d e 5  gra: .~:  . . . . .  7 12 82-98-26bdd. A l t .  5.837.0 f t .  

G r a v e l ,  very  f i n e  t o  c o a r s e ,  , Clay, light.-bl'2lsh-gra:,, A-A'. TH 1. 
a n g u l a r  t o  well-rounded-- smel l s  ~f ty t roqen  s l r l f i d e :  Alluvium: . . . . . . .  composed o f  f l a t  p i e c e s  o f  c o n t a i n s  ~ i e c e s  o f  ~ ; o ~ d ,  c l a y ,  b r o h  
mar ls tone  and  sandstone-- t i n y  3 lacX org ln ic  b e l l e t s .  c l a y ,  b l u e .  t o u g h ,  c a l -  . 
and l lght-brown sandy c l a y ;  and t h i n  s t r i z ; e r s  3 5  c a r e o u s ,  s m e l l s  o f  . . . .  c o n t a i n s  v e r y  f i n e  t o  v e r y  brown s i l t y  c lay  13 31 hydrogen s u l f i d e :  

. . . . . . . .  c o a r s e  sand 1 0  8 1  Gravel,  f i n e  r z  .>adiu.>, c o n t a i n s  f ragments  o f  . . . . . . . .  G r a v e l ,  very  f i n e  t o  very rounded 1  32 r p t t e n  wood,' t i n y  r o o t s  
c o a r s e ,  a n g u l a r  t o  u e l l -  s n a i l  s h e l l s ,  and a  few 
rounded--composed o f  f l a t  



Table  2.--I,oqs o f  t e s t  h o l e s  and  o b s e r v a t i o n  w e l l s  d r i l l e d  i n  t h e  alluvium--Continued 

Thick- I Thick- 
n e s s  Depth Depth n e s s  

82-98-26Md.--Continued 
s t r i n g e r s  of  l i g h t -  
brown c l a y  i n  t h e  upper  
28 f e e t .  . . . . . . . .  65 

Gravel .  f i n e  t o  medium, 
rounded--composed of  f l a t  
p i e c e s  o f  s a n d s t o n e  and . 
m a r l s t o n e  t h a t  a r e  
s t a i n e d  d a r k  g r e e n i s h  
b lue- -conta ins  s t r i n g e r s  
of  c l a y  from 7 2  t o  97 - 
f e e t  . . . . . . . . . .  37 

Green  River  Formation (bedrock) :  
P a r a c h u t e  Creek Member(?) : 

O i l  s h a l e ,  brown, .low-grade 
(becomes b l a c k e r  and 
h i g h e r  g r a d e  below 
115 f t )  . . . . . . . . .  26 

' -97-I-. AlF. 6,091.5 f t -  
F-F' , TH 1. 

,l luvium: 
Gravel ,  f i n e '  t o  medium. 

subangular  t o  angular--  
composed of f l a t  p i e c e s  
of m a r l s t o n e  and  sand- 
stone--and brown s i l t y  
c l a y .  . . . . . . . . . .  1 5  

Gravel ,  f i n e ' t o  v e r y  . 
c o a r s e ,  a n g u l a r  t o  sub- 
rounded--composed of  f l a t  
p i e c e s  o f  m a r l s t o n e ,  sand- 
s t o n e ,  and s i l t s t o n e - - a n d  
f i n e  t o  very c o a r s e  sand: 
c o n t a i n s  a l i t t l e  c l a y  
( s m a d y  l o s s  o f  d r i l l i n g  . . . . .  f l u i d  55-66 f t )  51  

; reen  River Formation (bedrock) : 
Evacuat ion  Creek Member: 

S i l t s t o n e ,  l i g h t - p u r p l i s h -  
t a n ,  c a l c a r e o u s  . . . . .  4 

-- 

Cl-97-33bcc.--Continued 
Green R i v e r  Formation (bedrock)  : 

Evacuat ion  C r e e k  Member: 
S i l t s t o n e ,  l i g h t - p u r p l i s h -  

brown. . . . . . . . . .  9 8 5  

Cl-97-33cba. A l t .  6,087.4 f t .  
.E-E' , TH 1. 

Alluvium: 
Gravel ,  very  f i n e  t o  

c o a r s e ,  a n g u l a r  t o  sub- 
rour.ded--composed o f  f l a t  
p i e c e s  o f  s a n d s t o n e  and 
marlstone--and v e r y  f i n e  
t o  c o a r s e  sand;  c o n t a i n s .  
brown s i l t y  c l a y  . . . .  30'  

Gravel ,  v e r y  f i n e  t o  v e r y  
c o a r s e ,  a n g u l a r  t o  
rounded--composed o f  f l a t  ' 

p i e c e s  o f  m a r l s t o n e  and 
sandstone--and f i n e  t o  
c o a r s e  sand:  c o n t a i n s  
c o b b l e s  a n d  b o u l d e r s  
( s t e a d y  l o s s  of c i r c u l a -  
t i o n  and h o l e  c a v i n g  . . 
from' 35-80 f  t : abandoned 
h o l e ) .  . . . . . . . . .  50 

82-98-26Md2. Al t .  5,837'.5 f t .  
A-A', TH 5. 

A1 luvium: 
c l a y .  l igh t -brown, .  s i l t y ,  

c a l c a r e o u s :  c o n t a i n s  
some v e r y  f i n e  g r a v e l .  . 10 

Clay ,  l i g h t - b l u i s h - g r a y ,  
c a l c a r e o u s ,  s m e l l s  o f  
hydrogen s u l f i d e ;  c o n - .  
t a i n s  d, r o o t s ,  t i n y  
i n s e c t s  o r  p l a n t s ,  s h e l l  
f ragments  and s h e l l s  
and s t r i n g e r s  oE l i g h t -  
t a n  s i l t y  c l a y  ( t h i n  
s t r i n g e r  of  g r a v e l  a t  
73 f t )  . . . . . . . . .  70 

Sand, v e r y  f i n e  t o  medium, 
s t a i n e d  b l u i s h  green:  
c o n t a i n s  many s m a l l  s n a i l s  
a n d ' c l a m s  . . . . . . .  1 

G r a v e l ,  v e r y  f i n e  t o  c o a r s e .  
a n g u l a r  t o  well-rounded-- 
composed o f  f l a t  p i e c e s  o f  
m a r l s t o n e  and s a n d s t o n e  
t h a t  a r e  s t a i n e d  l i g h t  
t o  d a r k  b l u i s h  green-- 
and v e r y  f i n e  t o  v e r y  
c o a r s e  sand: c o n t a i n s  
l i g h t - p u r p l i s h - g r a y  c l a y  
( l o s i n g  d r i l l i n g  f l u i d  
90-95 f t )  . . . . . . . .  9 

Green  River Formation (bedrock)  : 
P a r a c h u t e  Creek Member(?) : 

O i l  s h a l e  ( f r a c t u r e d  and 
weathered;  sample r e t u r n  . 
v e r y  poor:  l o s i n g  
c i r c u l a t i o n )  . . . . . .  10 

~1-97-32db;. Alt . ,  6,087.0 f t .  
F-F', TH 2.  

Alluvium: 
Clay,  l igh t -brown,  sandy, 

c a l c a r e o u s .  . . . . . . .  9 
Clay,  s i l t y ,  c a l c a r e o u s :  . 

c o n t a i n s  o r g a n i c  
m a t e r i a l  . . . . . . . .  24 

Gravel ,  f i n e  t o  c o a r s e ,  
subangular  t o  subrounded-- 
composed of f l a t  p i e c e s  
of s a n d s t o n e ,  mar ls tone ,  
and s i l t s t o n e - - a n d  s i l t y  
brown c l a y .  . . . . . . .  2 

Clay,  dark-gray:  c o n t a i n s  
a l i t t l e  f i n e  t o  c o a r s e  
g r a v e l .  . . . . . . . . .  8 

Gravel ,  f i n e .  t o  c o a r s e ,  
subangular  t o  a n g u l a r ,  
and f i n e  t o  c o a r s e  sand 
( l o s i n g  d r i l l i n g  f l u i d  . . . . . . . .  45-62 f t )  19  

Green River Formation (bedrock) : 
Evacuation Creek Member: 

S i l t s t o n e ,  l i g h t - p u r p l i s h -  . . . . .  t a n ,  c a l c a r e o u s  3 

1~1-97-33cbb.  A l t .  6 ,077.7 f t .  
E-E'. TH 2. 

~11uvi"m:  
Clay,  brown, sandy, p o o r l y  

c o n s o l i d a t e d  . . . . . .  6 
Clay,  dark-b lu ish-gray ,  

s i l t y :  c o n t a i n s  much 
b l a c k  o r g a n i c  m a t e r i a l ,  
and v e r y  f i n e  t o  c o a r s e  
a n g u l a r  t o  rounded 
g r a v e l . .  . . . . . . .  30 

Gravel ,  v e r y  f i n e  t o  medium. 
s u b a n g u l a r  t o  subrounded-- 
composed o f  f l a t  p i e c e s  
o f  s a n d s t o n e  and s i l t s t o n e  
t h a t  a r e  s t a i n e d  d a r k .  
g r e e n i s h  blue--and v e r y  
f i n e  t o  v e r y  c o a r s e  sand: 
c o n t a i n s  s t r i n g e r s  o f  
dark-gray  c l a y  . . . . .  1 9  

Gravel ,  f i n e  t o  very  
c o a r s e ,  a n g u l a r  to 
t o  rounded--composed of 
f l a t  p i e c e s  o f  s a n d s t o n e  
and m a r l s t o n e  t h a t  a r e  
s t a i n e d  g r e e n i s h  b l u e - -  
and f i n e  t o  very c o a r s e  
sand  . . . . . . . . . .  26 

Green R i v e r  Formation (bedrock)  : 
Evacuation c r e e k  Member: 

S i l t s t o n e ,  p u r p l i s h - t a n .  
and p u r p l i s h - t a n  m a r l -  
s t o n e :  c o n t a i n s  b l a c k  
o r g a n i c  m a t e r i a l  . . ; . 19 

Marlstone,  dark-brown, 
. - laminated- w i t h - l a y e r s  _ _ .  . h i g h  i n  o r g a n i c  m a t e r i a l  1 0  

C1-97-32dbc2. Al t .  6.084.8 f t .  
F-F', TH 3.  

Alluvium: 
Sand, l i g h t - t a n ,  v e r y  f i n e :  

c o n t a i n s  some brown c l a y .  4 
Clay,  brown, s i l t y .  . . . .  3 
Clay,  dark-gray ,  s i l t y ,  

c a l c a r e o u s :  c o n t a i n s  
o r g a n i c  m a t e r i a l .  . . . .  4 

Clay,  dark-gray ,  s i l t y ,  
and f i n e  t o  medium 
subangular  t o  rounded 
g r a v e l  . . . . . . . . .  1 5  

. .  Clay,..brown, s o f t  .... ._ 5 ~. 
Gravel ,  f i n e  t o  c o a r s e ,  ' .  

a n g u l a r  t o  rounded-- 
composed of f l a t  p i e c e s  
of  mar ls tone ,  sands tone ,  
and s i l t s t o n e - - a n d  f i n e  
t o  c o a r s e  sand. . . . . .  1 1  

Clay,  dark-gray  t o  b l u e  . . 11 
Gyavel, f i n e  t o  c o a r s e ,  ' 

a n g u l a r  t o  well-rounded-- 
composed of f l a t  p i e c e s  
of s a n d s t o n e ,  mar ls tone ,  
and s i l t s t o n e  t h a t  a r e  

82-98;26Md3. A l t .  5 ,817.2 f;. 
A-A . TH 4 .  

Alluvium: 
Clay ,  l igh t -brown.  s i l t y ,  

. c a l c a r e o u s  . . . . . . . .  7 
Clay ,  l i g h t - b l u i s h - g r a y .  

. . .  ca lcareous : .~ 'conta ins .  ~ 

r o o t s  and o t h e r  brown 
o r g a n i c  m a t e r i a l ,  t i n y  

. b l a c k  s n a i l s .  and  t h i n  
l a y e r  o f  c o a r s e  a n g u l a r  
b l a c k - s t a i n e d  g r a v e l  a t  

. . . . . . . . .  . 18 f e e t .  15 
Gravel ,  v e r y  f i n e  t o  v e r y  

c o a r s e ,  a n g u l a r  t o  
. rounded--composed of  f l a t  

p i e c e s  of  m a r l s t o n e  and 
s a n d s t o n e  t h a t  a r e  s t a i n e d  
d a r k  g r e e n i s h  blue--con- 
t a i n s  l i g h t - b l u i s h - g r a y  
c a l c a r e o u s  c l a y  . . . .  11 

Green River  Formation (bedrock)  : 
Evacuat ion  Creek Member: 

Sands tone ,  yellowish-brown. 
f i n e - g r a i n e d ,  c a l c a r e o u s ,  
f i r m l y  cemented. . . . .  6 

S i l  t s t o n e ,  l i g h t - t a n .  
c a l c a r e o u s  . . . . . . .  11 

c2-97-25cca. ~ l t .  6,303.1 f t .  
G-G' , TH I . 

Alluvium: 
Gravel ,  v e r y  f i n e  to v e r y  

c o a r s e ,  s u b a n g u l a r  t o  
subrounded--composed o f  

. f l a t  p i e c e s  of  s i l t s t o n e ,  
sands tone .  and marlstone-- 
and v e r y  f i n e  t o  v e r y  
c o a r s e ,  sand;  c o n t a i n s  a 
l i t t l e  sandy c l a y  ( l o s i n g  
d r i l l i n g  f l u i d  0-20 f t ;  
l o s t  c i r c u l a t i o n  20-55 
f t )  . . . . . . . . . .  113 

Green River  Formation (bedrock)  : 
Evacuation Creek  Member: 

S i l t s t o n e ,  l i g h t - l a v e n d e r -  
t a n ,  c a l c a r e o u s ,  f i r m l y  
cemented; c o n t a i n s  b l l c k  ' . . . .  o r g a n i c  m a t e r i a l  7 

s t a i n e d  dark  b l u i s h  
g r e e n  . . . . . . . . . .  11 

Green River  Formation (bedrock) : 
Evacuat ion  Creek Member: ' 

S i l t s t o n e ,  l i g h t - p u r p l i s h -  . - -  I b r o w n . .  . . . . . . . .  6 

C1-97-33bcc. A l t .  6.076.3 f t .  
E - E B , T H 3 .  ~ 

Alluvium: . . . .  c l a y ,  brown, sandy. 3 
Gravel ,  f i n e  t o  medium. 

C1-97-32add. A l t .  6 ,076.1 f t .  
E-E' , TH 4. 

Alluvium: 
C l a y ,  b l u i s h - g r a y :  c o n t a i n s  

C2-97-25cca2. A l t .  6.292.5 f t .  
G-G' , TH 2. 

Alluvium: 
Gravel.  v e r y  f i n e  to v e r y  

c o a r s e .  subangular  t o  
subrounded--composed o f  
f l a t  p i e c e s  of  s a n d s t m e ,  
s i l t s t o n e ,  and marlstone-- 
and very f i n e  t o  v e r y  
c o a r s e  s a n d ;  c o n t a i n s  

. c o b b l e s  a n d  a l i t t l e  l i g h t -  
t a n  c l a y  (becomes predomi- 
n a n t l y  g r a v e l  and i s  
b e t t e r '  s o r t e d  below 80 f t :  
w a t e r  l e v e l  a t  29 f t )  . . 1 0 1  

well-rounded--composed 
of  f l a t  p i e c e s  of  sand- 
s t o n e  and m a r l s t o n e  t h a t  
a r e  s t a i n e d  b l u i s h  green-- 
and f i n e  t o  .very'  c o a r s e  
sand: c o n t a i n s  dark-blue 
c l a y  s t r i n g e r s .  . . . . .  8 

Clay,  dark-gray  t o  b lue .  
c a l c a r e o u s :  c o n t a i n s  
b l a c k  o r g a n i c  m a t e r i a l  
and t h i n  s t r i n g e r s  o f  
g r a v e l  . . . . . . . . .  59 

Gravel.  f i n e  t o  medium, 
rounded--composed of f l a t  
p i e c e s  of  mar ls tone  and 
s a n d s t o n e  t h a t  a r e  
s t a i n e d  dark  b l u i s h  gray .  6 

much o r g a n i c  m a t e r i a l  and  
many t i n y  s n a i l  and c l a m  
s h e l l s . .  . . . . . . .  67 

G r a v e l ,  f i n e  t o  medium, 
rounded t o  well-rounded-- 
composed of f l a t  p i e c e s  
o f  s a n d s t o n e  and marl- 
s t o n e  t h a t  a r e  s t a i n e d  
b l u i s h  green--and f i n e  t o  . . . .  v e r y  c o a r s e  sand  5 

Green River  Formation (bedrock)  : 
Evacuat ion  c r e e k  Member: 

S i l t s t o n e ,  l i g h t - p u r p l i s h -  
t a n . .  . . . . . . . . .  8 



Table  2.--Loo6 of  t e s t  h o l e s  and o b s e r v a t i o n  w e l l s  d r i l l e d  i n  t h e  alluvium--Continued 

Thick- .  Depth 
n e s s  

C2-99-14Mb.--Continued 
very  f i n e  t o  f i n e  
g r a v e l  . . . . . . . .- . 11 11 

Clay ,  l i g h t - y e l l o w i s h -  
b r m ,  sandy; c o n t a i n s  
very  f i n e  t o  f i n e  sub- 
a n g u l a r  t o  subrounded 
g r a v e l .  .. . . . . . . . . 8 19 

Gravel ,  v e r y  f i n e  t o  very  
c o a r s e ,  s u b a n g u l a r  t o  

. subrounded--composed of 
f l a t  p i e c e s  of  s i l t s t m e ,  
s a n d s t o n e ,  and marlstone-- 
and f i n e  t o  v e r y  c o a r s e  
sand; c o n t a i n s  s t r i n g e r s  
o f  l igh t -ye l lowish-brown 
and dark-gray c l a y  (water  
l e v e l  a t  26 f t )  . . . . . 6 5  84  

Clay ,  dark-gray t o  b l a c k ,  
c a l c a r e o u s ;  c o n t a i n s  much 
o r g a n i c  m a t e r i a l .  . . . . 2 86  

Gravel ,  v e r y  f i n e  t o  c o a r s e ,  
angular .  t o  well-rounded-- 
composed of  f l a t  p i e c e s  
o f  s i l t s t o n e ,  m a r l s t o n e ,  
and sands tone  t h a t  a r e  
s t a i n e d  b l u i s h  green-- 
and v e r y  f i n e  t o  v e r y  ' 
c o a r s e  sand . . . . . . . 1 8  104 

Green R i v e r  Formation (bedrock) : 
Parachute  Creek Member(?): 

S i l t s t o n e ,  l i g h t - t a n ,  
c a l c a r e o u s :  c o n t a i n s  t h i n  
laminae o f  o i l  s h a l e .  . . 9 . 113 

Mar ls tone ,  l i g h t - t a n  . . . 3 116 
O i l  s h a l e ,  brown, low-grade, 

t h i n l y  laminated  wi th  
l i g h t - t a n  mar ' lstone ,. . . 7 123 

Mar ls tone ,  l i g h t - t a n ,  s o f t :  
c o n t a i n s  t h i n  l a y e r s  of  
low-grade o i l  s h a l e  . . . 39 162 

O i l  s h a l e ,  l ight-brown, 
low-grade; c o n t a i n s  t h i n  
laminae o f  m a r l s t o n e .  . . 16 1 7 8  

C2-99-14Mb2. A l t .  6,707.9 f t .  
Alluvium: C-C* TH 3. 

Clay,  l i g h t - t a k ,  c a l c a r e o u s ,  
and s u b a n g u l a r  t o  sub- 
rounded very f i n e  t o  
medium g r a v e l  . . . . . . 20 20 

Clay,  l i g h t - t a n  t o  brown, 
s i l t y ,  c a l c a r e o u s ;  
c o n t a i n s  l a y e r s  of  o r g a n i c  

. m a t e r i a l  t h a t  a r e  mainly 
r o o t s  and s tems . . . . . 11 3 1  

Clay,  l i g h t - b l u i s h - g r a y ,  
c a l c a r e o u s :  c o n t a i n s  
o r g a n i c  m a t e r i a l  and 
l a y e r s  of  brown s i l t  . . 6 37 

Gravel ,  v e r y  f i n e  t o  very 
c o a r s e ,  subangular  t o  
subrounded--composed o f  
f l a t  p i e c e s  o f  l i m e s t o n e ,  
s i l t s t c n e ,  and sands tone  
t h a t  a r e  s t a i n e d  g r e e n i s h  

' blue--and v e r y  f i n e  t o  ' 
c o a r s e  sand: c o n t a i n s  
l a y e r s  of  g r a y  c a l c a r e o u s  
c l a y  . . . . . . . . . . 13 50 

Green River Formation (bedrock) : 
P a r a c h u t e  Creek Member(?): 

O i l  s h a l e .  brown, t h i n l y  
laminated  w i t h  mar ls tone .  2  52 

Mar ls tone ,  s o f t ,  t h i n l y  
bedded, s t a i n e d  l i g h t  
g r e e n i s h  b l u e  . . . . . , . 6  58 

O i l  s h a l e ,  l ight-brown, 
low-grade, t h i n l y  

. l aminated  w i t h  l i g h t - t a n  
mar ls tone;  b a d l y  
f r a c t u r e d  . . . . . . . . 5 6 3  

Mar ls tone .  dark-o l ive-  
g r e e n ,  s i l t y  ( d r i l l s  
e a s i l y )  ., . . .. . . . . . 6 69 

O i l  s h a l e ,  brown, low-grade, 
t h i n l y  laminated  with 
l i g h t - t a n  m a r l s t o n e ;  t h e  
edges  o f  some f r a c t u r e s  
a r e  s t a i n e d  g r e e n  ( d r i l l s  
hard  i n  t h i n  s t r e a k s )  . . 34 ' 103 

Marlskne,  l i g h t - t a n :  
c o n t a i n s  t h i n  v e i n s  of  
c a l c a r e o u s  w h i t e  c l a y  : . 3 106 

O i l  s h a l e ,  l i g h t - t a n ,  low- 
' . g r a d e ,  t h i n l y  bedded 

w i t h  l i g h t - t a n  mar ls tone .  12 118 

C6-96-34cac. A l t .  5 ,354 .8  f t .  
H-H', TH 1. 

Alluvium: 
Gravel ,  very f i n e  t o . v e r y  

c o a r s e ,  subangular  t o  
subrounded--composed o f  

Thick- Depth 
n e s s  

C2-97-25cca2.--Continued 
Green River  Formation (bedrock)  : 

Evacuation C r e e k  Member(?): 
S i l t s t o n e ,  l i g h t - l a v e n d e r -  

t a n ,  c a l c a r e o u s ,  f i r m l y  
cemented; c o n t a i n s  b l a c k  
o r g a n i c  m a t e r i a l  . . . . 1 2  1 1 3  

Sandstone,  l i g h t - o l i v e -  
brown, f i n e - g r a i n e d ,  c a l -  
c a r e o u s ,  pooly  cemented. 2  1 1 5  

S i l t s t o n e ,  l i g h t - p u r p l i s h -  
t a n ,  f i r m l y  cemented; 
c o n t a i n s  b l a c k  o r g a n i c  
m a t e r i a l  . 68 1 8 3  

Parachute  c r e e k '  ~;mbe; i ? j  :' 
O i l  Shale ,  l igh t -brown,  

s l i g h t l y  c a l c a r e o u s ,  
t h i n l y  laminated  w i t h  
l i g h t - t a n  mar l  . . . . . 4 187 

Mar ls tone .  l i g h t - o l i v e -  
g r e e n ,  t h i n l y  laminated;  
c o n t a i n s  t h i n  l a m i n a t i o n s  
o f  o i l  s h a l e  . . . . . . 2 189 

O i l  s h a l e ,  l igh t -brown,  ' 

s l i g h t l y  c a l c a r e o u s ,  
t h i n l y  bedded w i t h  l i g h t -  
t a n  and l i g h t - o l i v e - g r e e n  
m a r l s t o n e  . . . . . . . .  5 194 

O i l  s h a l e ,  l igh t -brown,  lo& 
grade .  s l i ~ h t l y  c a l c a r e o u s ,  
t h i n l y  laminated  w i t h  
l i g h t - t a n  mar ls tone .  . . 8 202 

S i l t s t o n e ,  l i g h t - l a v e n d e r -  
t a n ,  f i r m l y  cemented; 
c o n t a i n s  b l a c k  o r g a n i c  
m a t e r i a l  and l a m i n a t i o n s  
o f  l i g h t - b r o w n . o i 1  s h a l e  10 212 

Mar ls tone ,  l i g h t - t a n ,  
' s i l t y  . . . . . . . . .  2 214 

S i l t s t o n e ,  l i g h t - l a v e n d e r -  
t a n ,  f  i r m l y  cemented; 
c o n t a i n s  b l a c k  o r g a n i c  
m a t e r i a l  and p y r i t e  
v e i n l e t s  . . . . . . . . 1 0 .  224 

Mar ls tone ,  l i g h t - t a n ,  
s i l t y  . . . . . . . . . .  14 238 

O i l  s h a l e ,  l ight-brown. 
low-grade,  t h i n l y  lami- ,  
na ted  w i t h  l i g h t - t a n  
mar ls tone;  c o n t a i n s  t i n y  
v e i n l e t s  o f  p y r i t e  . . . 25 263 

S i l  t s t o n e ,  t a n ,  c a l c a r e o u s ,  
well-cemented: c o n t a i n s  
b l a c k  o r g a n i c  m a t e r i a l  , 10 273 

Mar ls tone ,  l i g h t - g r a y i s h -  
t a n ;  c o n t a i n s  l ight-brown 
l a m i n a t i o n s .  . . . . . . 1 5  288 

Mar ls tone ,  l i g h t - t a n ,  
s i l t y :  c o n t a i n s  b l a c k  
o r g a n i c  m a t e r i a l  . . '. . 15 303 

C2-97-25ccd. A l t .  6,271.2 f t .  
G-G' , TH 4 .  

Alluvium: 
G r a v e l ,  v e r y  f i n e  t o  c o a r s e ,  

s u b a n g u l a r  t o  subrounded-- 
composed o f  f l a t  p i e c e s  
o f  mar ls tone ,  s a n d s t o n e ,  
and s i l t s t o n e - - a n d  very  
f i n e  t o  v e r y  c o a r s e  sand;  
c o n t a i n s  brown sandy c l a y  
(water  l e v e l  a t  l a n d  
s u r f a c e )  . . .  . . . .  . 13 1 3  

C l a y ,  dark-gray-b lue ,  
sandy, s m e l l s  o f  hydrogen 
s u l f i d e .  . . . . . . . . 4 17 

Gravel ,  v e r y  f i n e  t o  
medium, rounded--composed 

. o f  f l a t  . p i e c e s  o f  lime- 
s t o n e .  s a n d s t o n e ,  and s i l t-  
s t o n e  t h a t  a r e  s t a i n e d  
d a r k  g r e e n i s h  blue--and 
f i n e  t o  very  c o a r s e  sand: 
c o n t a i n s  s t r i n g e r s  of d a r k -  
b l u e  and  brown c l a y .  . . 5 22 

C l a y ,  dark-b lue-gray  and 
f i n e  t o  medium rounded 
g r a v e l  . . . . . . . . .  17 39 

Gravel ,  f i n e  t o  c o a r s e .  
rounded--composed of 
f l a t  p i e c e s  of  s i l t s t o n e ,  
l i m e s t o n e ,  and s a n d s t o n e  
t h a t  a r e  s t a i n e d  dark  
g r e e n i s h  blue--and f i n e  
t o  c o a r s e  sand . . . . . 7 46 

Gravel ,  f i n e  t o  c o a r s e .  
rounded--composed of f l a t  
p i e c e s  o f  l imes tone ,  
sands tone .  and s i l t s t o n e  
t h a t  a r e  s t a i n e d  dark  ' 

g r e e n i s h  blue--and dark-  
b lu ish-gray  c l a y  . . . . 27 73 

Gravel ,  f i n e  t o  c o a r s e ,  
rounded--composed of f l a t  

C2-97-25ccd.--Continued ' 

p i e c e s  of  sands tone ,  
m a r l s t o n e ,  and s i l t-  
s t o n e  t h a t  a r e  
s t a i n e d  dark  b l u i s h  
green--conta ins  
c o b b l e s .  . . . . . . . . 4 77 

Green R i v e r  Formation (bedrock) : . 
Evacuation Creek Member:. 

Sands tone ,  l i g h t - p u r p l i s h -  
t a n ,  v e r y  f ine-gra ined ,  
s i l t y ,  c a l c a r e o u s .  . . . 1 5  92 

Mar ls tone ,  brown, t h i n l y  
laminated;  c o n t a i n s  

. b l a c k  o r g a n i c  m a t e r i a l  . 5 97 
. S i l t s t o n e ,  l i g h t - p u r p l i s h -  

t a n .  sandy, f i r m l y  
cemented . . . . . . . . 1 8  1 1 5  

C2-97-25ccd2. Al t .  6,282.5 f t .  
G-G' , TH 3. 

Alluvium: 
Gravel ,  very f i n e  t o  v e r y ,  

c o a r s e ,  subangular  t o .  
'subrounded--composed o f  
f l a t  p i e c e s  o f  s i l t s t o n e  
and sandstone--and very  
f i n e  t o  very c o a r s e  
s a n d ;  c o n t a i n s  c lay .  . . 12 12 

Clay,  l ight-yellow-brown, 
v e r y  sandy, c a l c a r e o u s  . 2 14 

Gravel ,  very f i n e  t o  v e r y  
c o a r s e ,  subangular  t o  
subrounded--composed o f  
f l a t  p i e c e s  o f  l imes tone .  
s i l t s t o n e ,  and sandstone-- 
and v e r y  f i n e  t o  very 
c o a r s e  sand: c o n t a i n s  
yellow-brown c l a y  
s t r i n g e r s .  . . . . . . .' 7 21 

G r a v e l ,  very f i n e  t o  v e r y  
c o a r s e .  subangular  t o  
subrounded--composed o f  
f l a t  p ieces  of  s i l t s t o n e ,  
l i m e s t o n e ,  and sandstone-- '  
and f i n e  t o  v e r y  c o a r s e  
sand  (below 55 f t  sand 
and g r a v e l  a r e  s t a i n e d  
l i g h t  g r e e n i s h  b l u e ;  
w a t e r  l e v e l  a t  25 f t ) .  . 66 87 

Green R i v e r  Formation (bedrock) :  
Evacuation Creek Member: 

S i l t s t o n e ,  l i g h t - p u r p l i s h -  
t a n ,  . c a l c a r e o u s ,  f i r m l y  
cemented: c o n t a i n s  b l a c k  
o r g a n i c  m a t e r i a l  . . . . 17 104 

Sands tone ,  l i g h t - t a n ,  
f i n e - g r a i n e d ,  s i l t y ,  . 
f i r m l y  t o  l o o s e l y  
cemented,  c a l c a r e o u s :  
c o n t a i n s  b l a c k  o r g a n i c  
m a t e r i a l  . . . . . . . . 16 120 

C2-99-14bda. Al t .  6,724.7 f t .  
C-C', TH 1. 

Clay,  sand, and g r a v e l  
( a r r i f i c i a l  f i l l ) .  . . . 10 10 

Alluvium: 
S o i l ,  dark-brown . . . . . 2 12 
G r a v e l ,  very f i n e  t o  

c o a r s e ,  subangular  t o  
subrounded--composed o f  
f l a t  p ieces  of  s i l t s t o n e ,  
s a n d s t o n e ,  and marlstone-- 
and  f i n e  t o  v e r y  c o a r s e  
s a n d :  c o n t a i n s  l i g h t - t a n  
c l a y  ( s t e a d y  l o s s  of 
d r i l l i n g  f l u i d  15-20 f t )  8  20 

Clay ,  l i g h t - y e l l o w i s h - t a n ,  
sandy;  c o n t a i n s  very 
f i n e  t o  c o a r s e  a n g u l a r  
t o  subrounded g r a v e l  . . 5 25 

G r a v e l ,  very :ine t o  v e r y  
c o a r s e ,  subangular t o  
subrounded--composed o f  
f l a t  p ieces  of  sands tone  
and  marlstzne--and f in 'e  
t o  very  c o a r s e  sand 
( w a t e r  l e v e l  a t  48 f t )  . 31 56 

Green R i v e r  Formation (bedrock) : 
Evacuation Cree!< Member: 

Sands tone ,  yellowish-brown, 
f i n e -  t o  ne=ium-grained, 
p o o r l y  cemented, 
weathered and f r a c t u r e d  
( l o s t  c i r c u l a t i o n  55-60 
f t :  lower 3  f t  d r i l l e d  
h a r d ,  may b e  o i l  s h a l e ) .  4  60 

C2-99-14bdb. A l t .  6,708.8 f t .  
C-C', TH 2. 

Alluvium: 
C l a y ,  dark-brown, sandy, . 

c a l c a r e o u s ;  c o n t a i n s  



. .  

'Table  2.--Loqs of test holes  and observat ion wells d r i l l e d  i n  the alluvium--Continued 

Thick- m p u  
ness  

~6-96-34cac. --Continued 
f l a t  Dieces of lime- ~~~ 

s tone ,  sandstone, and 
o i l  shale--an4 s i l t y  

con ta ins  very f i n e  t o  
ve ry  coa r se  sand ( l o s t  
c i r c u l a t i o n  0-20 f t )  . . 23 

Clay,  light-broun, c a l -  . 
careous: contains  very 
f i n e  t o  very coarse  sand 

' and very f i n e  t o  medium 
g rave l  . . . . . . . . . 5 

Gravel, f i n e  t o  uedium, 
subangular t o  subrounded-- 
composed o f  f l a t  p i e c e s  
of limestone. sandstone, 
and oi l  shale--and very 
f i n e  t o  very coarse  eand: 
con ta ins  s i l t y  l i g h t -  
brown c l a y  . . . . . . . 12 

c l a y .  light-brown, c a l -  
careous, and very f i n e  . 
to  coarse subangular t o  ' 

subrounded .gravel: con- 
t a i n s  ve ry  f ine  t o  very 
coa r se  sand and boulders  
b e l w  51 feet (Mter 

. l e v e l  a t  44 f t :  d r i l l s  a s  
though eand and g r a v e l  a r e  
i n  l aye r s  interbedded with 
c l a y )  . . . . . . . . . 3 0  

Gravel, very f i n e  t o  medium, 
subangular t o  rounded-- 
composed of  f l a t  p i e c e s  of 
limestone, sandstone, and 
o i l  shale--and very f i n e  
to very coa r se  sand: 
con ta ins  s t r i n g e r s  o f  l i gh t -  

c i r c u l a t i o n  70-85 f t ) .  . 35 
Gravel, f i n e  t o  very coarse ,  

subangular t o  subrounded--- 
composed o f  f l a t  p i e c e s  
of o i l  s h a l e ,  sandstone, 
and limestone--and 
medium t o  very coa r se  
sand: con ta ins  cobb les -  
and boulders  ( l o s t  c i r cu la -  
t i o n  105-116 f t )  . . . . 11 

. light-brourl clay: 

' brown s t i c k y  clay ( lost  

Wasatch Formation (bedrock) : 
s i l t s t o n e ,  reddish-purple, 

sandy . . . . . . . . 9 

~6-96-34cdb. A l t .  5,339.1 ft. 
H-H*. TH 2. 

AllU;i&tlI  
Gravel ,  very f i n e  t o  coarse ,  

subangular t o  subrounded-- 
composed of  f l a t  p i e c e s  
of  sandstone, l imestone,  
and o i l  shale--and ve ry  
f i n 6  t o  ve ry  coarse  sand: 
contains  s t r i n g e r s  o f  
light-brown calcareous 

boulders . . . . . . . , . 11 
Clay, light-brown. sandy. 

calcareous . . . . . . . . 2' 
Gravel, very f ine  t o  medium.' ' 

subangular t o  subrounded-- 
composed o f  f l a t  pieces of 
limestone, sandstone, and 
o i l  shale--and very f i n e  
t o  very coa r se  sand: 
containa calcareous sandy 
light-brown clay . . . . 3 

calcareous . . . . . . . 3 
Gravel, very f i n e  t o  medium, 

subangular t o  subrounded-- 
composed o f  f l a t  pieces of 
limestone, o i l  sha le ,  and 
sandstone--and very f i n e  
t o  very coa r se  sand: 

of  c lay .. - . . . . . . , 2 

calcareous;  contains  sand 
and very f i n e  t o  medium 
subangular co subrounded 
g rave l  . .. . . . . . . . 7 

Gravel, very f i n e  t o  coa r se ,  
subangular t o  subrounded-- 
composed of f l a t  p i e c e s  of 
l imes tme ,  o i l  sha l e ,  and 
sandstone--and very f i n e  
t o  very coa r se  sand: 
contains  s t r i n g e r s  o f  
light-brown calcareous clay 
and cobbles and boulders .  
below 45 f e e t  (s teady lo s s  
o f  d r i l l i n g  f l u i d  35-60 

. -- - - c l a y  and-a-few o i l - sha le - .  -- 

' Clay, light-brown. sandy. 

' ' contains  l a r g e  amounts 

c l ay ,  light-brown. 

f t )  . . . . . ,. . . - . 34 

23 

28 

40 

7 0  

105 

116 

125 

.- . 

11 

13 

16 

19 

2 1  

28 

62 

. 2;::- Depth 

6-96-34cdb. --con tinued 
c l av ,  light-brown, sandy. 

calcareous.  .. . . . .-. . -2 
Gravel, very f i n e  t o  very 

coarse,  subangular to  
subrounded--composed of 
f l a t  p i eces  of o i l  shale .  
limestone, and sandstons-- 
and f i n e  to  very coa r se  
sand: con ta ins  cobbles ,  
boulders ,  and a few 6-inch 
l a y e r s  of  c l a y  (unable  t o  
d r i l l  b e l o w  96 it, ho le  
caved and c i r c u l a t i o n  was 
l o s t :  d r i l l e d  hard. a s  
though bedrock may have 
been reached1 . . . . . . 34 

6-96-34abc. A l t ;  5,330.5 f t .  
H-H', TH 3. 

lluvium: 
Gravel. very f i n e  t o  very 

coa r se ,  angular  t o  
subrounded--composed of 
f l a t  p i eces  of limestone, 
sandstone, and o i l  shale-- 
and very ..fine t o  ve ry  
coarse sand; con ta ins  
s t r i n g e r s  of calcareous . 
sandy light-brown c l ay .  . 6 

c l ay ,  light-brown, sandy, 
' calcareous,  and very f ine  

to coarse angular  t o  
subrounded gravel :  con- 
t a i n s  f i n e  t o  very coarse 
sand. . . . . . . . . . . 20 

Gravel, very f i n e  to very 
coarse,  subangular to 
subrounded--composed of 
f l a t  p i eces  of o i l  sha l e ,  
limestone, and sandstone-- 
and many s t r i n g e r s  of  
calcareous sandy l i g h t -  
brown clay: contains  ,fine 
t o  very coarse.sand.  
cobbles, and boulders 
(s teady l o s s  of d r i l l i n g  
f l u i d  50-60 f t )  . . . . . 37 

Sand, f i n e  t o  very coa r se ,  
.and very f i n e  t o  medium 
subrounded gravel :  contains 
t h i n  s t r i n g e r s  of very f ine  
t o  very coa r se  g rave l  . . 18 

Gravel, very f i n e  t o  very 
coarse,  subangular t o  
subrounded--composed of 
f l a t  pieces of  o i l  sha l e ,  
limestone, and sandstone-- 
and f i n e  t o  very coa r se  
sand . . . . . . . . . . 11 

rasatch Formation (bedrock) : 
Clay, l i gh t - r ed .  cal-  

careous . . . . . . . . . 8 

!7-97-31ccc. A l t .  5,173.2 f t .  
-JJ1; TH-3 

illuvium: 
Gravel. very f i n e  t o  very 

coarse, .  subangular t o  
subrounded--composed of 
f l a t  pieces  of  marlstone 

. and sandstone--contai ns  
f i n e  t o  coa r se  sand . . . 10 

Gravel, very f i n e  t o  very 
coa r se ,  angular  t o  sub- 
rounded--composed o f  ' f l a t  
p i eces  of marlstone and 
sandstone--contains f i n e  
t o  coarse 'sand and c a l -  
careous s i l t y  brown c l a y  . 
(s teady l o s s  df d r i l l i n g  
f l u i d  from 0-25 f t )  . . . 24 

Clay; brown, s i l t y ,  c a l -  
careous, and l aye r s  o f  
angular  t o  subrounded 
very f ine  t o  coarse 
g rave l  composed of f l a t  
p i eces  of  marlstone and 
sandstone (water l e v e l  
a t  36 f t :  h o l e  caved 
badly between d r i l l  Stern 
changes) . . . . . . . . 6 

medium, subangular t o  
subrounded--composed of ' 

f l a t  pieces  of  marlstone 
and sandstone--and f i n e  
t o  very coa r se  sand: 
con ta ins  a few th in  l aye r s  . 
of calcareous s i l t y  brown 
c l a y  (s teady lo s s  o f  d r i l l -  
ing f l u i d  from 40-50 f t ) .  10 

Gravel. very f i n e  t o  coarse ,  
subangular to  subrounded-- 

Gravel. very f i n e  t o  

64 
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Thick- & p a  
ness  

7-97-3lccc.--Continued 
composed o f  f l a t  p i eces  
o f .  marlstone and sand- 
stone--and l aye r s  of  
ca l ca reous  s i l t y  brown 
c l ay :  contains  f i n e  t o  
ve ry  coa r se  sand . . . . 29 

c l a y ,  brown, s i l t y ,  ca l -  
careous. . . . . . . . . l 

Gravel. ve ry  f ine  t o  very 
coarse,  subangular t o  
subrounded--composed of  
f l a t  p i eces  of o i l  sha le ,  
marlstone, and sandstone-- 
and f i n e  to very coa r se  
sand: contains  a few t h i n  
l a y e r s  of c l ay  . . . . . 30 

asatch Formation (bedrock) t 
S i l t s t o n e ,  l ight-green,  cal- 

careous. . . . . . . . . 5 
Mudstone, l ight-green,  

s l i g h t l y  calcareous,  
f i s s i l e .  . . . . . . . . 10 

7-97-31ccd. A l t .  5,190.7 f t .  
J-J', TH 2. 

lluvium: 
Sand, f i n e  t o  coaree,  and 

subrounded t o  rounded very 
f i n e  t o  medium g r a v e l  
composed of  f l a t  p i eces  
of  marlstone and sandstone: 
con ta ins  t h i n  l a y e r s  of 
c l a y  below 15 f e e t  (hole  
caves between d r i l l  stem 
changes: water l e v e l  a t  
51 f t )  . - . . . . . . . 100 

coaree,  subrounded t o  
rounded--composed of  f l a t  
p i eces  of  o i l  sha l e ,  
marlstone. and sandstone-- 
and f i n e  t o  coaree sand: 
con ta ins  c l ay ,  cobbles. 
and boulders  ( l o s t  d r i l l -  
i n g  f l u i d  110-119 f t ) .  . 19 

Gravel, f i n e  t o  very 

rasatch Formation (bedrock) : 
Clays tone; pu&lish-br&, 

Claystone, green, s i l t y  
s i l t y .  . . . . . . . . . 6 

(poor  sample r e tu rns  
119-135 f t ) .  . . . . . . 15  

7-97-3lcdc. A l t .  5,207.4 f t .  
J - J ' .  T H  1. 

.lluviim: 
Sand, light-brown, f i n e  t o  

medium, subrounded t o  
rounded: contains  rounded 
g r a v e l  composed of  f l a t  
p i e c e s  of sandntone and 
marlstone- . . . . . . . 7 

subrounded to rounded-- 
Gravel, f i n e  t o  coa r se ,  

79 

80 

110 

115 

125 

100 

119 

125 

140' 

7 

- ._ copo_sed__of f la t -pieces-  ~ - _- - 
of marlstone and sandstone : 
con ta ins  cobbles and f i n e  
t o  coarse  sand . . . . . 15  

Sand, light-brown, ve ry  f i n e  
t o  coarse ,  subrounded t o  
rounded: contains  silt  
and f i n e  g rave l  . . . . 18 

Sand, very f i n e  to coarse,  
angular  to subrounded, 
and angular  t o  subrounded 
v e r y ' f i n e  t o  cca r se  g rave l  

' composed o f  f l a t  p i eces  o f  
marlstone and sandstone: 
con ta ins  t h i n  l a y e r s  of 

I s i l t y  brown clay (water 
l e v e l  a t  68 f t ) .  . . . . 42 

coa r se ,  angular  to  sub- 
rounded--composed of  f l a t  
p i e c e s  of marlstone and . 
sandstone--and very f i n e  
t o  very coarse sand . . 24 

Gravel, very f ine  to very 
coa r se ,  angular t o  sub- 
rounded--composed o f  f l a t  
p i e c e s  of marlstone, sand- 
s tone ,  and o i l  shale--and 
angular  to subrounded very 
f i n e  t o  very coarse sand: 
con ta ins  t h i n  l a y e r s  of 
s i l t y  light-brown c l a y  . 21  

Sand, medium, and ca l ca reous  
grayish-blue clay. . . . 6 

Gravel, f i n e  t o  very coarse.  
angular  t o  subrounded-- 
composed of  f l a t  p i e c e s  o f  
o i l  sha l e  and marlstone-- 
con ta ins  f i n e  t o  coa r se  
sand . . . . .' . . . . . 6 

Gravel, very f ine  to  

- 

22 

40 

82 
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139 



Table 2.--LDqs of t e s t  ho le s  and observat ion w e l l s  d r i l l e d  i n  t he  alluvium--Continued 

.' C - .. Depth 

C7-97-31cdc.--Continued 
Wasatch Formation (bedrock) : 

Clay, dark-gray t o  blue, 
s i l t y ,  ca lcareous  . . . .  1 140 

Sandstone, f ine-grained, 
poor ly  cemented . . . . .  3 143 

Clay, dark-purple, . noncal- 
careous ,  s o f t  . . . . . .  3 146 

Sandstone, l ight-greenish-  
b lue ,  medium-grained,, 
pdor ly  cemented . . . . .  4 150 

C8-97-6bbb. Al t .  5,156.8 f t .  
JJ', TH 4. ' 

Alluvium: 
Gravel, very  f i n e  t o  coa r se ,  

subangular t o  rounded-- 
composed of f l a t  p i eces  
of marlstone, sandstone; 
and o i l  shale--and f i n e  
t o  ve ry  coarse sand: con- 

. t a i n s  t h i n  l a y e r s  of 
s i l t y  brown c l ay  below 
20 f e e t  (hole  caved badly  
between. d r i l l  stem changes; 
water l e v e l  a t  15 f t )  . . 45 45 

Gravel, very  f i n e  t o  medium, ' 

subangular t o  subrounded-- 
composed of f l a t  p i eces  o f  
marlstone, sandstone, and 
o i l  shale--and medium t o  
very coa r se  sand ( l o s t  
d r i l l i n g  f l u i d  45-60 . f t )  . 15 60 

' Gravel, ve ry  f i n e  t o  very 
coarse ,  angular t o  sub- 
rounded--composed of f l a t  
p ieces  o f  o i l  sha l e ,  
marlstone, and sandstone-- 
and f i n e  t o  very coarse  
sand (unable  t o  d r i l l  
below 75 f t ,  ho l e  caved 
and c i r c u l a t i o n  was 
l o s t )  . . . . . . . . . .  15 75 

':'::- ~ e p t h  



15. - -Hydrograph of I i~iceance Creek, C1-97-32, Rio Blanco. County, Colorado. 
I ~. 

Figure 



Figure 16. - - Hydrograph of Piceance Creek, B1-97-2, Rio Blanco County, Colorado. 





Figure  18. -- Hydrograph of Parachute  Creek,  C5-96-36, Garfield County, Colorado. 



Figure 19. - - Hydrograph of Roan Creek, C6-98-32) Garfield County, Colorado. (U. S. Geol. Survey, 1965). 
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Figure 20. --Hydrograph of Roan Creek, C7-98-15, ~ a r f i e l d  County, Colokado. (U. S. , Geol. Survey, 1965). 



Table 3.--chem'ical analvaes and r e l a t e d  phvaical  measurements of qround water 

(Concentrations of d isso lved  c o n s t i t u e n t s ,  d i sso lved  s o l i d s ,  and hardness given i n  p a r t s  per mi l l ion)  

Location: See t e x t  f o r  well-numbering system. Depth of  well: Depth of  wel l  given i n  f e e t  below land surface:  
R, r e w r t e a .  

Geologic source:  Tga, Anvil Poin ts  Member of the  Green River (ormation; 
Tgg, Garden Gulch Member of t h e  Green River Formation: Tgp, Parachute 
Creek Member of t h e  Green River Formation: Tge, Evacuation deck Member 
of t h e  Green River Formation; Oal, alluvium; f o r  t h e  descripdion of t h e  
.phys ica l  charac ter  of t h e  water-bearing formations see  t a b l e  1. 

I ron  (Fe) : I n  so lu t ion  & time of sampling. 

Non- 
car-  Spec i f ic  

Dis- bo- Per- Sodium conduct- 
Depth ' Tem- solved Hard- na te  c e n t  adsorp- ance 

m c a t r o n  Geologlc of Date of pera- S l l r c a  I ron  cad- Mag- Sodium Potas- Elcar- Cer- Sul- Chlo- Fluo- Ni- Bo- s o l i d s  ness hard- so- t i o n  (micro- pH 
source wel l  c o l l e c -  t u r e  (S1O2) (Fe) clum neslum (Na) slum bonate bonate f a t e  r l d e  r l d e  t r a t e  ron (calcu- a s  ness dium r a t i o  mhoe 

( f e e t )  t l o n  [OF) (Ca) (Mg) (K) (Hco~) (CO,) (SO4) (C1) ( €1  (NO3) (8)  l a t e d )  c a m 3  C ~ C O ~  a t  25 C) 

81-97-lldc Tgp Spring 8-18-65 
-22ad Qal Spring 8-18-65 
-22da Qal Spring 10- 4-65 
-22dc Oal 104 10-16-65 
-35ca Q a l ( 7 ) .  Spring 10- 4-65 

Tge(7) 

81-98- 8cd Oa1,Tge 183 10- 5-65 
-13db Tge . 2,600 6-16-65 
-18db Oa1,Tge ' 132 10- 5-65 
-24ac . o a l  80 10- 5-65 

81-99- 2a 0al.Tge 110 4- 8-65 
- 2a Oa1,Tge . 110 10- 5-65 
- 4da Tge,Tgp 171 , 4- 9-65 - 9cd Oal.Tge(7) . . 10- 5-65 
-20b : Tgp(7) Spring 10- 5-65 
-26dd Tge(?) 1,300R 10- 5-65 

81-100-24b oa1,Tgp Spring 8-19-65 

82-98-22cb Tge,Tgp Spring 9-23-64 
-22ac2 . o a l  45 6-22-65 

C1-96-1CM O a l . ~ g e ( ? )  34 10- 9-64 
-10da Tgp 3.000 8-17-65 

~ 1 - 9 7 - l l a c d  Oal 68 10-25-65 
-15db Tge.Tgp Spring 10- 8-65 
-28ab ~ g p  ,3,051 10-12-64 

C1-99- 4bc Oal 115 10- 7-65 
- 4 b c  - o a l  115 10- 7-65 
.- 6bc Tge Spring 10- 7-65 
-1laa Oal . . 10- 7-65 , 

CZ-95-lid Tga ' 203 ' 8-27-65 
-23d Tgp 75 8-27-65 

C2-96- 4cb Tge Spring 10- 8-65 - 9cb Tge 413 10- 8-65 

C2-97-27c a a l ( 7 ) .  Spring 8-17-65 
Tge(7) 

-30ad Tge Spring 10-13-64 

C2-98- 9da Tge 37 10- 8-65 
-10db Oa1,TgeO) Spring 10- 8-65 
-19ca O a l ( ? ) ,  

Tge(7) Spring 8-17-65 
-28dd Oalr?) ,Tge Spring 8-20-65 

C2-99- 4cc T g e ( ? ) .  Spring 10- 7-65 
TgpO) 

-12ac p a l  Spring 10- 7-65 
-15dc Oal . . 10- 7-65 



Table 3.--Chemical ana lyses  and r e l a t e d  phys ica l  measurements of qround water--Continued 

Non- 
 is- car -  s p e c i f i c  : 

Depth Tem- solved Hard- bo- Per- Sodium conduct- . ' 

Location Geologic. of Date of pera- S i l i c a  I ron  Cal- Mag- Sodium Potas- Bicar- Car- Sul- Chlo- f luo-  , N i -  Bo- s o l i d s  ness na te  c e n t  adsorp- ance pH 
source wel l  co l lec-  t ~ r e  (S io2)  (Fe) cium neiium (Na) slum bonate bonate f a t e  r i d e  r i d e  t r a t e  ron (calcu- a s  hard- so- t i o n  (micro- 

( f e e t )  t i o n  ( €) . (Ca) (Mg) (K) ( I I C O ~ )  ( ~ 0 ~ )  (so4) ( ~ 1 )  (F) (NO3) (8) la ted)  cac03 ness dium r a t i o  'mhos ceco3 . a t  25'~) 

C3-95-18ab Tge Spring 10-5-65  49 13 . .  51 54 119 2.4 508 0 154 12 1.3 0 . 9 0 . 2 3  658 346 0 4 3 .  2.8 1.030 8.1 . . . .  . .  . . . . . . . . .  . . . .  -3 lcc  Qal,Tge(?) . . 9- 1-65 53 . . . . 67 37 366 16 7.5 322 0 850 8.4 

C3-96-5aa .Tge Spring 10-8-65  47 11 . .  94 78 117 . l . 2 -  500 0 365 10 .3 5.6 .09 928 555 145 31 2.2 1,330 8 . 1  
-1lba Tgp 1,000R 5- 7-62 70 13 0.01 8.0 3.4' 684 1.2 1,610 63 4.1 30 30 .4 .92 1,630 34 0 98 51 2,500 8.3 . . . .  -1lba Tgp 1,000R 4-13-65 .70 11, . .  4.0 3.4 1,510 112 10 28 26 1.3 . . 1,640 24 0 98 62 2,470 8.4 . . . .  . .  . . . . . . . .  . .  -1lbb Tgp . 1,300 9-29-65 76 . . 15 4.4 1,480 24 106 56 0 . . . . .  2,530 8.3 

C3-97-14cb Oal (?) ,Tge  Spring .8-18-65 47 . . . . l o 1  79 . . . .  542 0 . .  9.0 . . . . . . . .  578 133 . . . .  1,360 8.0 . . . .  . :  . . . . . . . . .  . . . .  -27cd o a l ( ? )  ,Tge Spring 8-18-65 46 . . . . 104 74 . 498 0 8.0 566 158 1.240 7.8 

. . . .  . . . . . . . . .  . .  . . . .  ~3-98-22db o a l ( 7 )  ,Tge Sp,ring 8-17-65 46 . . 1 2  66 460 0 6.0 578 201 1,300 7.7 

. . . .  . .  : . . . . . . . .  - . . .  C4-94--34b 0al.Tga Spring . 8- -65 45 . . . . 73 30 422 0 3.0 340 0 687 7.8 

C4-95- 3ba ~ a l ( ? ) , T g e ( ? ) ,  74 8-30-65 48 - 12 . . 53 28 . 66 3 255 0 161 14 .8 .3 .04 ' 460 248 , 39 37 1.8 703 8.1 
TgpO) - ebb Tge(?),Tgp(?) 99 8-31-65 48 23 . 88 49 90 -0 408 0 244 6.4 .8 3.9 .08.  706 420 85 .32 1.9 1,040 7.7 

-19cc Qa1,Tge 128 10-11-65 4 5 ,  11 .06 29 34 125 .5 384 0 141 5.2 .1 .6 .05 535 210 0 56 3.8 892 8.1 

C4-97-12dbpal,Tge,Tgp 80 8-30-65 48 15 . . I 1 2  75 106 .4 464 0 393 5.8 .7 4.8 .08 940 588 208 28 1.9 1,310 7.9 . . . .  . .  . . . . . . . .  . . . .  -31bd Tge Spring 8-18-65 43 . . . . 59 33 332 0 3.0 282 10 600 7.9 . . . .  . .  . . . . . . . .  . . . .  -33ca Tge Spring 8-18-65 45 . . . . 75 38 380 , O  4..0 344 32 730 7.8 . . . .  . .  . . . . . . . .  . . . .  -33cb2 Oal Spring 8-18-65 57 . . . . 103 55 510 0 6.0 486 68 1,030 7.5 

. . . .  . .  . . . . . . . .  . . . .  C4-98-14cc Tge(?) ' Spring 8-17-65 45 . . . . 95 8 1  396 0 6.0 570 245 -1,210 8.0 . . . .  -17cb Tge(?) Spring 8-28-65 46 . . . . 73 41 350 26 . .  6.5 . . . . . . . .  352 22 . . . .  836 8:4 . . . .  -36aa Tge Spring 8-18-65 44 . . . . 76 47 388 0 . .  3.0 . . . . . . . .  382 64 . . . .  850 8.1 

C4-99-10ac Tgp Spring 10-12-64 45 18 .02 69 29 35 .4 374 0 80 2.0 . O  1.8 .05 419 294 0 21 .9 668 7.7 
-10ac ~ g p  Spring 8-16-65 46 . . . . 74 29 . . . .  354 0 60 2.0 . . . . . . . .  . 3 0 4  14 . . . .  639 8.1 

. . . .  . .  . . . . . . . .  . . . : .  CS-.94-14ab Tge Sprinq 8- -65 49 . . .:57 21 308 0 2.0 228 0 505 7.5 

C -  1 ( )  i t  18-lb-65 IU I 6  . . 51 30 4 1  1.5 345 0 64 4 . 0  .6 3.4 .06 390 282 0 24 1 .  629 7.9 

C5-96- 1W Tge Spring 6-27-65 46 . . . . 51 33 . . . . . .  310 0 . .  5.0 . . . . . . . .  262 8 . . . .  662 8.0 
- 1M2 p a l  Spring 8-27-65 51 . . . . 39 33 . . . .  266 0 . . .  6.0 . . . . . . . .  232 14 . . . . .  596 8.2 
-36aaa o a l  50R 8-13-65 53 . . . . 70 50 . . . .  400 0 . .  8.0 . . . . . . . .  378 50 . . . .  862 7.9 

. .  ... C5-97- l c  Tgp 8- -65 55 . . 47 33 . . . .  344 0 . .  5.0 . . ' . . . . . .  254 0 679 8.C . . . .  . . . .  . .  . . . . . . . .  -23bb Tge Spring 8- -65 55 . . . . 58 18 332 0 3.0 218 0 . . . .  521 7.6 

C5-98- 2ac Tgp Spring 8-30-65 43 . . . . 59 30 . . . .  324 0 . .  '4.0 . . . . . . . .  270 4 . . . . .  650 7.5 

C6-95-12ba Tgp Spring 8-26-65 46 . . . . 87 31 . . . .  416 0 . .  2.0 344 3 621 7.7 . . . . . . . .  . . . .  
c6-96-29da p a l  33 10-12-65 55 21 . . 124 73 92 16 700 0 267 -10  1.2 10 .17 958 610 36 24 1.6 1,410 7.E 

C6-98-16aa p a l  68R 10-13-65 . . 16 . . 63 52 75 2.5 ' 4 4 6  0' 141' 11. '  .9 5.4 .16 586 372 6 '30 '1.7 918 7.9 
-34cd Oal 70R 10-12-65 57 18 ' ,  . . 100 79 117 3.1 616 0 252 12 1.2 32 .23 ,918 575 . 70 31 .2.1 1,370 7.5 

C7-96-llaa p a l  '50R 10-12765 . . 19 . . 170 122 198 5.2 656 0 793 18 .9 .4 .20 1.650 925 387 32 2.8 2,180 7.5' 

C7-97- 5ba Oal(?) Spring 10-11-65 50 6.8 . . 44 69 67 3.4 484 0 129 6.0 .6 1.5 1 565 392 0 27 1.5 1,000 8.C 

~ 7 - 9 8 -  4ba o a l  61R 10- 9-65 52 15 . . 96 90 149 2.3 598 0 ,  424 10 .7 6.6 , -22 1,090 610 120 35 2.6 ,1,530 8.C - 8ab Tgp(?),  Spring 10- 9-65 . . . .  . . 48 94 . . . .  689 0 . .  14 . . . . ' . . . .  506 0 1,840 8.1 . . . . .  
Tgg(?) 

-14ca Oal 68R 10- 9-65 54 15 .15 144 170 396 3.8 737 0 1,220 35 .8 .7 .57 2,350 1,060 456 45 5.3 3,010 B.C 

C7-99-26cc o a l ( ? ) ,  Spring 10-11-65 50 . . . . 91 . 73 . . . . .  512 0 . . .  10 . . . . . . . . .  528 ' 108 . . .  1,410 7.7 
Tqg(?) 

-27bd Q a l ( ? ) .  Spring 10-11-65 47 16 . . 50 86 110 1.9 494 0 2R7 5.4 3 .5  .10 ,800 478 73 33 2.2 1,220 8.1 
TCJCJ ( ? )  . . . .  C7-100-25dh oal S p r i ~ l q  10-11-65 48 . . . . 86 57 496 0 . . .  5.0 . . . . . . . . . .  448 41 . . . . .  1,050 7.E 

. . . . .  -35bb p a l  Spring 10-11-65 51 . . . . 72 51 - 424 0 . .  5.0 . . . . . . . .  416 5 8  . . . .  894 7.t 

C8- 97- 7ab o a l  751 10- 9-65 ' 54 16 . . 164 ,148 293 3.3 692 0 1,040 18 - .8 5.5 .31 2!030 1.020 453 38 - 4 . 0  2,630 7.: 



Table 4.--Chemical analyaea and r e l a t e d  phys ica l  measurements of . sur face  water 

(Concent'rations of d isso lved  c o n s t i t u e n t s ,  d i sso lved  s o l i d s ,  and hardnesa given i n  p a r t s  per  mi l l ion)  

Location: Locations a r e  l i s t e d  i n  downstream o r d e r . .  S e i  t e x t  f o r  $11-numbering system. Discharge ( c f s )  r Diacharge m e a s u r e ~ l n t ~ g i v e n  i n  cubic  f e e t  p e r  second; E ,  est imated.  
I 

Non- S p e c i f i c  
car-  rondurt-  - - . . - - - - 

Tem- nan- Din- Hard- boi- Per- Sodium anca 
Location Discharge Date of pera- s i l i c a  I ron  ga-. c a l -  nhg- so- Potas- Bicar- Car- su l -  Chlo- pluo- N i -  00- solved a t e  c e n t  adaorp- (micro- p~ , 

(c fs )  co l lec-  t y e  (Si02) (Pe) nese cium nebium dium sium bonate bonate f a t e  lide r i d e  t r a t e  Ion  lids hard- 0°- t i o n  mh0s 
t i o n  ( F) (w) (ca) (tra) (K) ( H C O ~ )  ( ~ 0 ~ )  (so4) (C1) (F) ( ~ 0 ~ )  , (8) (calcu- CaC03 r a t i o  at  2 5 ° ~ )  , 

lu ted)  CaCO, 

Piceance Creek . I . . . .  . . .  . . . .  . . . .  ~ 4 - 9 5 -  l a a  . .  6- 8-65 . . .  126 ,33 328 0 6 , .  260 . O  . . . .  736 7.8 
0 . .  13 . .  . . . .  . .  402 59 . . . . .  1.050 8.0 . . . .  0.55 10-6-65  40 . .  

75  f 2  : - . - 418 
, -L;fli 

. . .  C 3 - 9 5 - 3 6 ~ ~  . 5 ~  7-17-64 14 0.00 0.00 57 133 70 1 5  . 344 0 130 8.9 0.1 1.6 0.12 485 278 0 35 1.8 753 7.9 . . . .  -26db 2.1 10- 6-65 47 . . 75 '34 356 0 9 . 5 . .  . .  324 32 . . . .  812 8.0 c' : . . . .  . . . .  . .  . . . .  . .  . .  . . . .  . . . .  . .  - 9dc. 2.0 10- 6-65 . 47 . . 58 39 324 0 9:5 304 38 . . . .  768 8.1 \ . .  
i ".. qi'pl . . . .  . .  . .  . . .  . . . .  . . . .  . . . .  C3-96-llbd 9.1 10- 6-65 53 . 66 147 484 0 14 356 0 986 8.2 ': 

. . . . .  . . . .  . .  . . .  . . .  . . . .  . . . .  C2-97-36ba 11.9 10- 6-65 56 . . ' 5 9  !57 476 0 16 382 0 .l,lOO 8.0 r!' 
. . 

C2-96-3266 2.5E 7-17-64 . .  15 .OO .OO 4 0  j46 149 1.9 554 0 .  144, 23 1.3 .5 .31 693 290 0 53 3.8 1.090 8.1 .c1 

! Black sulphur Creek 

76 / 8 1  123 1.4 478 0 372 9.5 -3  . 5  .15 . '916 
' . , 

. . 
Hunter Creek 

92 j 106 157 2.2 566 0 532 9.5 .2 . 1.2  .16 1,200 

1 Yellow creek  

1 
I Roan Creek 

. .  / .  . . . . . . . . .  146 . . . .  . . . .  . . 

. ce-97-isaa ! . . . .  . . . .  . . . .  . . . . . . . . . . . .  4,200 . . . . . . . . . . . . .  . .  .5E . 10- 9-65, 62 . . 7,160, 

I &/ Dissolved s o l i d s ,  res idue  on evapo~!tion a t  1 8 0 ~ ~ .  
8 .  



1. Ground Water i n  t h e  Julesburg Area, Colorado, by T. G.  ' ~ c ~ a u ~ h l i n .  
1948. ', 20 p., 2 f i g s .  

2. Ground Water i n  t h e  Vic in i ty  of Brush, dolorado, by R .  F .  Brown. 
1950.- 31. P O ,  2 PIS. \ .  . .  

3. Ground Water i n  t h e  Vic in i ty  of Tr in idad ,  Colorado, by W.  J . Powell. 
1952. 30 p . ,  2 pls., 3 f i g s .  

' 4.  Ground W a p e r i n  Colorado and t he  S t a t u s  of I n v e s t i g a t i o n s , . b y  
T. G .  McLaughlin. . 1956. 24 p., . 1 f i g .  

5 .  Occurrence of Ground,Water i n  the Ogal la la  and Several  Consolidated 
Formations i n  ~ o l o ~ a d o ,  by E. A. Moulder. 1960. 8 p. 

6. Legal and Management Problems Related t o  the  Development of an  
Ar t e s i an  r round-water' ~ e s e r v o i r  , by E.  A .  Moulder. 1962'. 11 p. 

7 .  Prospects .for I r r i g a t i o n  i n  Eastern Cheyenne and. Kiowa Counties , 
Colorado, by A. J . Boettcher . 1963. .12 p., 3 f i g s .  

8. P o t e n t i a l  Ground-Water Development i n  t h e  Northern Par t  of t h e  
Colorado High P l a in s ,  by H. E .  McGovern and D. L. Cof f in .  1963. 
8 p., 4 f i g s .  

9. Ground Water i n  Colorado--Its Importance During. an Emergency, b y  
P. T. Voegel i ,  Sr .' 1963. 10, p. ,  6 f i g s .  . . 

10. Ef fec t s  of Water .Management on a Reach of the Arkansas Val ley,  
La Jun t a  t o  Las Animas, Colorado, by E. A. Moulder, C-. T. Jenkins ,  
J .  E. Moore, and D. L. Coff in .  1963. 20 p., 8 f i g s .  

11. Pumping Tes t s  in Colorado, by Woodrow W.. Wilson. 1965. 361 p . ,  1 p l ;  , 
5 f i g s .  
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